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(54) FLUORINATED 1 ,4-DISUBSTITUTED PIPERIDINE DERIVATIVES 

(57) This invention relates to novel fluorine-containing 1 ,4<lisubstituted piperidine derivatives represented by a 
general formula [0 
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and pharmaceutical^ acceptable salts thereof, 
[wherein: 

Ar represents an aryl group or a hetero-aryl group having 1 to 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be substi- 
tuted with lower alkyl, etc.); 

R 1 represents C 3 -C 6 cycloalkyl whose any 1-4 hydrogen atmos may be substituted with fluorine atoms(s); 
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R 2 represerrts C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atom(s), aralkyl, arylalkenyl, heteroarylalkyl or heteroarytalkenyl group having 1 to 
2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 3 hydrogen 
atoms on the ring in said aralkyl, arylalkenyl, hetero-arylalkyl or heteroarylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxy!, nitro, lower alkoxycarbonyl, halogen, lower alkoxy or amino, etc. ; and 
X stands for O or NH, 

provided that at least either one of R 1 and R 2 contains one or more fluorine atoms]. 

The compounds of the present invention have selective antagonistic activity for muscarinic M 3 receptors, and 
exhibit excellent oral activity, duration of action and pharmacokinetics, so that they have little side effects and are safe 
and effective. Therefore they are useful for treatment or prophylaxis of respiratory diseases, urinary diseases and diges- 
tive diseases. 
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Description 
Technical Reld 

5 [0001 ] This invention relates to novel fluorine-containing 1 ,4-disubstituted piperkline derivatives, processes for pre- 
paring them, pharmaceutics containing them and their use as medicines, especially in the treatment or prophylaxis of 
various diseases of the respiratory, urinary and digestive systems. 

Background Art 

10 

[0002] Antagonism to muscarinic receptors are known to cause bronchodilation, gastrointestinal hypanakinesis. gas- 
tric hyposecretion, dry mouth, mydriasis, suppression of bladder contraction, hypohidrosis, tachycardia and the like 
["Basic and Clinical Pharmacology", 4th ed.. APPLETON & LANGE, pp. 83-92 (1989); Drug News & Perspective. 5(6), 
pp. 345-352 (1992)]. 

75 [0003] It has been made clear that there are at least three subtypes of muscarinic receptors; the M 1 receptors being 
present mainly in the brain, the M 2 receptors mainly in the heart, and the M 3 receptors, on smooth muscles and glan- 
dular tissues. Whereas, all of the large number of compounds heretofore known to exhibit antagonism to muscarinic 
receptors non-selectively antagonize the three subtypes of muscarinic receptors. Consequently, attempts to use these 
compounds as therapeutic or prophylactic agents for diseases of the respiratory system have caused undesirable side 

20 effects such as dry mouth, nausea and mydriasis. Still in addition, particularly serious side effects associated with the 
central nervous system, such as dementia, attributable to the M 1 receptors and those associated with the heart, such 
as tachycardia mediated by the M 2 receptors pose problems and their solution is strongly demanded. 
[0004] We have disclosed, as a drug meeting the demand, 1 ,4-disubstituted piperidine derivatives (see: PCT 
W096/33973). However, creation of even more excellent drug has been in demand. 

25 [0005] An object of the present invention is to create even a better drug than said known compounds, whereby to pro- 
vide pharmaceutics exhibiting highly selective antagonism to M 3 receptors and minimizing adverse side effect and 
which, therefore, provide safe and effective pharmaceutics for treatment or prophylaxis of diseases associated with 
muscarine M 3 receptors, eg., such respiratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, 
asthma and rhinitis; digestive diseases such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain 

30 accompanying contraction of smooth muscles of the digestive system; urinary disorders like urinary incontinence and 
frequency in neurogenic pollakiuria, neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic 
cystisis; and motion sickness. 

Disclosure of the Invention 

35 

[0006] According to the present invention, there are provided novel fluorine-containing 1 ,4-disubstituted piperidine 
derivatives of the general formula [I] 




45 

and pharmaceutical^ acceptable salts thereof, wherein: 



At represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be substi- 
50 tuted with lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or 
lower alkylamino); 

R 1 represents C 3 -C 6 cycloalkyl whose any 1-4 hydrogen atmos may be substituted with fluorine atoms(s); 
R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atom(s), aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group having 1 to 
55 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 3 hydrogen 
atoms on the ring in said aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino); and 
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X stands for O or NH, 

provided that at least either one of R 1 and R 2 contains one or more fluorine atoms. 

[0007] The compounds of the above formula [0 which are provided by the present invention have potent and selective 
5 antagonistic activity for muscarinic M 3 receptors, and exhibit excellent oral activity, duration of action and pharmacoki- 
netics, so that they have little side effects and are safe. Hence, they are very useful in the treatment or prophylaxis of 
diseases such respiratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma and rhinitis: 
digestive diseases such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain accompanying contraction 
of smooth muscles of the digestive system: urinary disorders like urinary incontinence and frequency in neurogenic pol- 
w lakiuria, neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis: and motion sick- 
ness. 

[0008] Hereinafter the meaning of the technical terms used in the present specification are elucidated and the inven- 
tion is explained in further details. 

[0009] "An aryl group (any 1 to 3 hydrogen atoms on the ring in said aryl group may be substituted with lower alkyl, 
15 trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)" signifies 
a substituted or unsubstituted Ce-C^ aryl group, examples of which including unsubstituted phenyl group, naphthyl 
group or those containing the above-named substituent(s). 

[001 0] As examples of "a heteroaryl group having 1 -2 hetero atoms selected from a group consisting of nitrogen, oxy- 
gen and sulfur (any 1 to 3 hydrogen atoms on the ring of said heteroaryl group may be substituted with lower alkyl, tri- 

20 fluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)", 
unsubstituted 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thiazolyl, 4-thiazolyl, 2-thienyl, 3-thienyl, 1 -imidazolyl, 2-imidazolyl, 4-imi- 
dazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-furyl, 3-furyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2- 
pyrazinyl, 3-pyridazinyi, 4-pyridazinyl, 2-quinolinyl, 2-benzothienyl and 2-indolyl group; and those which are substituted 
with the above-named substituents can be named. 

25 [0011] Also examples of "C3-C 6 cycloalkyl whose 1-4 hydrogen atoms may be substituted with fluorine atom(s)" 
include: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1-fluorocyclopropyl, 1 -f luorocyclobutyl, 1-fluorocyclopentyl, 1- 
fluorocyclohexyl, 2-fluorocyclo-propyl, 2-fluorocyclobutyl, 2-fluorocyclopentyl, 2-fluorocydohexyl, 3-fluorocyclobutyl, 3- 
fluorocyclo-pentyl, 3-fluorocyclohexyl, 4-fluorocyclohexyl, 2,2-difluorocyclopropyl, 2,2-difluorocyclobutyl, 2,2-difluorocy- 
clopentyl, 2, 2-difluorocyclohexyl, 3, 3-difluorocyclobutyl, 3, 3-difluorocyclopentyl, 3, 3-di-fluorocyclohexyl, 4, 4-difluor- 

30 ocyclohexyl, 3, 3, 4, 4-tetra-fluorocyc!opentyl, 3, 3, 4, 4-tetrafluorocyclohexyl, 2, 3-difluorocyclobutyl, 2, 3- 
difluorocyclopentyl, 3, 4-di-fluorocyclopentyl, 2, 3-difluorocyclohexyl, 3, 4-difluoro-cyclohexyl, 2, 2, 3, 3-tetrafluorocy- 
clobutyl and 2, 2, 3, 3-tetraf luorocyclopentyl groups. 

[0012] Examples of W C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atoms" include C 5 -C 15 straight chain or branched alkyl, alkenyl, alkynyl, cycloalkyl ide- 
35 nealkyl ; cycloalkylalkyl, cyclo-alkylalkenyl or cycloalkylalkynyl in which optionally hydrogen atom(s) on the cycloalkyl 
ring may be substituted with lower alkyl; and cycloaikenylalkyl or cyclo-alkenylalkenyl in which optionally hydrogen 
atom(s) on the cycloalkenyi ring may be substituted with lower alkyl ; and those whose any 1 to 6 hydrogen atom(s) are 
substituted with fluorine atom(s). 

[001 3] Specific examples of such aliphatic hydrocarbon groups include: 

40 

unsubstituted or fluorine-substituted alkyl groups such as 2-methylbutyl, 3-methylbutyl, pentyl, neopentyl, 2-meth- 
ylpentyl, 3-methylpentyl, 4-methyl-pentyl, hexyl, 2-methyIhexyl, 3-methylhexyl, 4-methyl-hexyl, 5-methylhexyl, 2, 4- 
dimethylpentyl, 2-ethylhexyl, 4, 5-dimethylhexyl, 4, 4-dimethylpentyl, heptyl, 4-methyl-heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 3-fluoromethylbutyl, 1 -f luoro-pentyl, 4-fluoropentyl, 5-fluoro- 
45 pentyl, 1, 1-dif luoro-pentyl, 4, 4-difluoropentyl, 5, 5, 5-trifluoropentyl, 1,1,4, 4-tetrafluoropentyl, 1, 1, 5, 5. 5-pen- 
tafluoropentyl, 1 -f luorohexyl, 5-fluorohexyl, 6-fluorohexyl, 1, 1-dif luorohexyl, 5, 5-difluorohexyl, 6, 6, 6-trifluorohexyl, 
1.1.5, 5-tetraf luorohexyl, 1, 1, 6, 6, 6-pentaf luorohexyl, 1-fluoro-4-methylpentyl, 2-fluoro-4-methylpentyl, 3-fluoro- 

4- methylpentyl, 4-fluoro-4-methylpentyl, 4-fluoromethylpentyl, 1,1-difluoro-4-methylperrtyl, 4-tr'rfluoromethylpentyl, 
5,5,5-trif luoro-4-trif luoro-methylpentyl, 1 ,1 -dif luoro-4-trrf luoromethylpentyl, 1 , 1 ,5-trrf luoro-4-methyIpentyl, 1 -f luoro- 

50 4-methylhexyl, 4-fluoro-4-methylhexyl, 5-fluoro-4-methylhexyl, 6-fluoro-4-methylhexyl, 1,1-difluoro-4-methylhexyl, 
5,5-difluoro-4-methylhexyl 1 4-trifluoromethylhexyl, 6,6,6-tr if luoro-4-methyl hexyl, 6,6,6-trifluoro-4-trifluoro-methyl- 
hexyl, 1, 1-dif luoro-4-tr if luormethyl hexyl and 1,1-drfluoro-6,6,6-trifluoro-4-methylhexyl; 

unsubstituted or fluorine-substituted alkenyl groups such as 3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 4-pente- 
nyl, 3-methyl-2-pentenyl, 3-methyl-3-pentenyl, 4-methyl-2-pentenyl, 4-methyl-3-pentenyl, 4-methyl-4-pentenyl, 2- 
55 hexenyl, 3-hexenyl, 4-hexenyl, 4-methyl-2-hexenyl, 4-methyl-3-hexenyt, 4-methyl-4-hexe-nyl, 5-methyl-2-hexenyl, 

5- methyl-3-hexenyl, 5-methyl-4-hexenyl. 5-methyl-2-heptenyl, 5-methyl-3-heptenyl, 5-methyl-4-heptenyl, 5-methyl- 
5-heptenyl, 3,4-dimethyl-2-pentenyl, 3,4-dimethyl-3-pentenyl, 4,5-dimethyl-2-hexenyl, 4,5-dimethyl-3-hexenyl, 4,5- 
dimethyl-4-hexenyl, octenyl, nonenyi, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, 1- 
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fluoro-4-methyl-3-pentenyl, 2-fluoro-4-methyl-3-pentenyl, (E)-4-f!uoro-methyl-3-pentenyl,(Z)-4-fluoromethyl-3-pen- 
tenyt, 1,1<lifluoro-4-methyl-3iDentenyl l 2,2-drfluoro-4-methyl-3-pentenyl, (E)-4-trifluoromethyl-3-pentenyl, (Z)-4-tri- 
f luoromethyl-3-pentenyl, (E)-1 , 1 -difluoro-4-trif luoro-methyl-3-pentenyl, (Z)-1 ,1 -difluoro-4-trrfluoromethyl-3-pente- 
nyl, 5,5,5-trifluoro-4-trifluoromethyl-3-pentenyl p 1 -f luoro-4-methyl-2-pentenyl, 4-fluoro-4-methyl-2-pen-tenyl, 4- 
f luoromethyl-2-pentenyl, 1 ,1 -difluoro^-methyl^-pentenyl, 4-trifluoromethyl-2-pentenyl, 4-fluoro-1 ,1 -dlf luoro-4- 
methyl-2-pentenyl, 1 , 1 -dif luoro-4-trrf luoro-methyl-2-pentenyl, 1 «f luoro-4-methyl-4-pentenyl, 2-f luoro-4-methyl-4- 
pentenyl, 3-fluoro-4-methyl-4-pen-tenyl, 4-fluoromethy1-4-pentenyl, 1,1-difluoro-4-methyl-4-perrtenyl, 2,2-difluoro- 
4-methyl-4-pentenyl, S.S-difluoro^-methyM-pentenyl, 4-trifluoromethyl-4-pen-tenyl, 1,1-difluoro-4-trifluoromethy1- 
4-pentenyl, 1,1,3,3-tetrafluoro-4-methyl-4-pentenyl, 1-fluoro-4-methyl-3-hexenyl, 2-fluoro-4-methyl-3-hexenyl, 4- 
fluoro-methyl-3-hexenyl, 6-fluoro-4-methyl-3-hexenyl, 4-tri-fluoromethyl-3-hexenyl, 1 ,1-difluoro-4-methyl-3-hexenyJ, 
2,2-difluoro-4-methyl-3-hexenyl, 4-trifluoromethyl-3-hexenyl, 5,5-difluoromethyt-3-hexenyl, 6,6,6-trifluoro-4-methyl- 

3- hexenyl, 1,1-difluoro-4-trifluoromethyl-3-hexenyl t 1,1,-difluoro-6,6,6-trlfluoromethyl-3-hexenyl and 6,6,6-trifluoro- 

4- trif luoromethyl-3-hexenyl ; 

2-pentynyl, 3-pentynyl, 4-pentynyl, 4-methyl-2-pentynyl, octynyl, nonynyl, decynyl, undecynyl, dodecynyl, tridecy- 
nyl, tetradecynyl and perrtadecynyl, and those alkynyl groups in which optionally any 1 to 6 hydrogen atoms are 
substituted with fluorine atom(s); 

unsubstituted and fluorine-substituted cyclo-alkylalkyl groups in which any of hydrogen atom(s) on the cycloalkyl 
ring may be substituted with lower alkyl, such as cyclopropylethyl, cyclopropylpropyl, cyclo-propylbutyl, cyclopro- 
pylpentyl. cyclopropylhexyl. cyclo-propylheptyl, cyclobutylmethyl, cyclobutylethyl, cyclo-butylpropyl, cyclobutylbutyl, 
cyclobutylpentyl, cyclo-pentylmethyl, cyclopentylethyl, cyclopentylpropyl, cyclopentylbutyl, cyclohexylmethyl, 
cydohexylethyl, cyclohexylpropyl, cyclohexylbutyl, cycloheptylmethyl, cycloheptylethyl, cydoheptylpropyl, 
cydoheptylbutyl, cyclooctylmethyl, cyclooctylethyl, cyclooctylpropyl, cyclooctylbutyl, 1-methylcyclopentylmethyl, 2- 
methyl-cyclopentylmethyl, 3-methylcyclopentylmethyl, 1-ethyl-cyclopentylmethyl, 2-ethylcyclopentylmethyl, 3-ethyl- 
cydopentylmethyl, 2-cyclopentylethyl, 2-(1-methylcyclo-pentyl) ethyl, 2-(2-methylcyclopentyl)ethyl, 2-(3-methyl- 
cydopentyl)ethyl, 2-(1-ethylcyclopentyl)ethyi, 2-(2-ethylcyclopentyl)ethyl, 2-(3-ethylcyclopentyl)ethyl, 1-methylcy- 
clohexylmethyl, 2-methylcyclohexylmethyl. 3-methylcyclohexylmethyl, 4-methylcyclohexylmethyl, 1 -ethylcyclohexy- 
Imethyl, 2-ethylcyclohexylmethyl, 3-ethylcydohexylmethyl, 4-ethylcyclohexylmethyl, cyclo-hexylethyl, 2-(1- 
methylcyclohexyl)ethyl, 2-(2-methyl-cyclohexyl)ethyl, 2-(3-methylcyclohexyl) ethyl, 2-(4-methylcyclohexyl)ethyl, 2- 
(l-ethylcydohexyl)ethyl, 2-(2-ethylcydohexyl)ethyl, 2-(3-ethylcydohexyl)ethyl, 2-(4-ethylcydohexyl)ethyl, 1-methyl- 
cydoheptylmethyl, 2-methylcycloheptylmethyl, 3-methylcycloheptylmethyl, 4-methylcycloheptylmethyl, 1-ethylcy- 
cloheptylmethyl, 2-ethylcycloheptylmethyl, 3-ethylcycloheptylmethyl, 4-ethylcycloheptyl methyl, 2-cydoheptylethyl ( 
2-(1-methylcycloheptyl)ethyf, 2-(2-methylcycloheptyl)ethyl, 2-(3-methylcycloheptyl) ethyl, 2-(4-methylcycloheptyl)- 
ethyl, 2-(1-ethylcycloheptyl)ethyl, 2-(2-ethylcyclo-heptyl)ethyl, 2-(3-ethylcycloheptyl)ethyl, 2-(4-ethyl-cyclohep- 
tyl)ethyl, 1-methylcyclooctylmethyl, 2-methyl-cyclooctylmethyl, 3-methylcyclooctylmethyl, 4-methyl-cyclooctyl me- 
thyl, 5-methylcyclooctylmethyl, 1 -ethyl-cyclooctyl methyl, 2-ethylcyclooctylmethyl, 3-ethyl-cyclooctyl methyl, 4- 
ethylcydooctylmethyl, 5-ethyl-cyclooctylmethyl, 2-( 1 -methylcyclooctyl)etnyl, 2-(2-methylcyclooctyl)ethyl, 2-(3- 
methylcyclooctyl)ethyl, 2-(4-methylcyclooctyl) ethyl, 2-(5-methylcyclooctyl)ethyl, 2-(1 -ethylcyclooctyl)ethyl, 2-(2- 
ethylcydooctyl)ethyl, 2-(3-ethylcydooctyl)ethyl, 2-(4-ethylcyclooctyl)ethyl, 2-(5-ethylcyclooctyl)ethyl, 1-fluoro-1- 
cydohexylmethyl, 2-fluorocyclohexylmethyl, 3-fluorocyclohexytmethyl, 4-fluorocyclohexylmethyl, 1,1-drfluoro-1- 
cydohexylmethyl, 2,2-difluorocydohexylmethyl, 3,3-drfluorocyclohexyl-methyl, 4,4-difluorocyclohexylmethyl, 1- 
fluoro-1-cyclo-heptylmethyl, 2-fluorocycloheptylmethyl, 3-fluorocydo-heptyl methyl, 4-fluorocycloheptylmethyl t 1,1- 
difluoro-1 -cycloheptylmethyl. 2,2-difluorocycloheptylmethyl, 3,3-difluorocycloheptylmethyl, 4,4-difluorocydoheptyl- 
methyl, 1-fIuoro-1-(3-methylcyclohexyl)methyl, 2-fluoro-3-methylcyclohexylmethyl, 3-fluoro-3-methylcyclohexyl- 
methyl, 4-f luoro-3-methylcyclohexylmethyl, 1 , 1 -dif luoro- 1 -(3-methylcyclohexyl)methyl, 2,2-dif luoro-3-methyl- 
cydohexylmethyl, 3-trrfluoromethylcydohexylmethyl, 4,4-difluoro-3-methylcyclohexylmethyl, 1-fluoro-2- 
cydopentylethyl, 2-(2-fluorocyclopentyl)ethyl, 2-(3-f!uorocycloperrtyl)ethyl, 1,1-difluoro-2-cyclopentyl-ethyl, 2-(2,2- 
difluorocydopentyl)ethyl, 2-(3,3-drfluorocyclopentyl)ethyl, 1,1 -dif luoro-2-(2,2-difluoro-cydopentyl) ethyl and 1,1-dif- 
luoro-2-(3,3-difluorocyclo-pentyl)ethyl; 

cydoalkylidenealkyl groups such as cyclopropylideneethyt, cyclopropylidenepropyl, cyclopropylidenebutyl, cydo- 
propylidenepentyl, cyclobutylideneethyl, cyclobutylidenepropyl, cyclobutylidenebutyl, cyclo-butylidenepentyl, 
cydopentylideneethyl, cydopentylidenepropyl, cyclopentylidenebutyl, cyclopentylidenepentyl, cydohexylidenee- 
thyl, cyclohexylidenepropyl, cyclohexylidenebutyl, cyclohexylidenepentyl, cyclo-heptylideneethyl, cycloheptyli- 
denepropyl, cydoheptyli-denebutyl, cycloheptylidenepentyl, cyclooctylideneethyl, cyclooctylidenepropyl, 
cydooctylidenebutyl and cyclo-octytidenepentyl, and those cycloalkylidene alkyl groups in which optionally any 1 
to 6 hydrogen atoms are substituted with fluorine atom(s); 

cydoalkylalkenyl groups in which any of hydrogen atom(s) on the cycloalkyl ring may be substituted with lower 
alkyl, such as cyclopropylpropenyl, cyclopropyibutenyl, cydopropylpentenyl, cyclopropylhexenyl, cyclopropylhepte- 
nyl, cyclobutylpropenyl, cyclobutylbutenyl, cyclobutylpentenyl, cyclopentylpropenyl, cyclopentylbutenyl, 
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cyclopentylpentenyl, cyclohexylpropenyl, cydohexylbutenyl, cydohexylpentenyl, cycloheptylpropenyl and cyclooc- 
tylpropenyl, and those cycloalkylalkenyl groups in which optionally any 1 to 6 hydrogen atoms are substituted with 
fluorine atom(s); 

cycloalkylalkynyl groups in which any of hydrogen atom(s) on the cycloalkyl ring may be substituted with lower 
alkyl, such as cyclopropylpropynyl, cyclopropyibutynyl, cyclopropylpentynyl, cyclopropyl-hexynyi, cyclopropylhepty- 
nyl, cydobutylpropynyl, cyclobutylbutynyl, cyclobutylpentynyl, cyclopentylpropynyl, cyclopentylbutynyl, 
cydopentylpentynyl, cydohexylpropynyl, cyclohexylbutynyl and cydohexylpentynyl, and those cycloalkylalkynyl 
groups in which optionally any 1 to 6 hydrogen atoms are substituted with fluorine atom(s); 
cydoalkenylalkyl groups in which any optional hydrogen atom(s) on the cycloalkenyl ring may be replaced by a 
lower alkyl group(s), such as cyclopropenylethyl, cyclopropenylpropyl, cyclopropenylbutyl, cyclopropenylpentyl, 
cyclopropenylhexyl, cyclopropenylheptyl, cyclobutenylmethyl, cyclobutenyl ethyl, cyclobutenylpropyl, cyclopente- 
nylmethyl, cydohexenylmethyl, cyclohexenylethyl, cycloheptenylmethyl, cycloheptenylethyl, cyclooctenylmethyl, 
cydooctenylethyl, (1-methyl-2-cyclopentenyl)methyl, (1-methyl-3-cyclo-pentenyl)methyl, (2-methyl-1-cyclopente- 
nyl)methyl, (2-methyl-2-cyclopentenyl)methyl, (2-methyl-3-cydopen-tenyl)methyl, (5-methyl-2-cyclopente- 
nyl)methyl, (5-methyl-1-cyclopentenyl)methyl, (3-methyl-1-cyclopen-tenyl)methyl, (3-methyl-2- 
cyclopentenyl)methyl, (3-methyl-3-cyclopentenyl)methyl, (4-methyl-2-cyclopen-tenyl)methy1, (4-methyM-cyclopen- 
tenyljmethyl, (1-methyl-2-cydohexenyl)methyt, (1-methyl-3-cyclohexenyl)-methyl, (2-methyl-1-cydohexe- 
nyl)methyl, (2-methyl-2-cyclohexenyl)methyl, (2-methyl-3-cyclohexenyl)methyl, (6-methyl-3-cyclohexenyl)methyl, 
(6-methyl-2-cyclo-hexenyl)methyl, (6-methyM-cyclohexenyl) methyl, (3-methyl-1-cydohexenyl) methyl, (3-methyl-2- 
cydohexen-yl)methyl, (3-methyl-3-cyclohexenyl)methyl, (5-methyl-3-cyclohexenyl)methyl, (5-methyl-2-cyc!ohexe- 
nyl)methyl, (5- methyl- 1 -cyclohexenyl)methyl, (4-methyl-1-cyclohexenyl)methyl, (4-methyl-2-cyclohexenyl)methyl, 
(4-methyl-3-cyclohexenyl)methyl, (1-methyl-2-cycloheptenyl)methyl, (1-methyl-3-cycloheptenyl)methyl, (1-methyl- 
4-cycloheptenyl)methyl, (2-methyl-1-cyc!oheptenyl)methyl, (2-methyl-2-cydoheptenyl)methyl, (2-methyl-3- 
cydoheptenyl)methyl, (2-methyl-4-cycloheptenyl)methyl, (7-methyl-3-cydoheptenyl)methyl, (7-methyl-2-cycIohep- 
tenyl)-methyl, (7-methyM -cycloheptenyl)methyl, (3-methyl-1 -cydoheptenyl)methyl, (3-methyl-2-cyclohepte- 
nyl)methyl, (3-methyl-3-cycloheptenyl) methyl, (3-methyl-4-cyclo-heptenyl)methyl, (6-methy1-3- 
cydoheptenyl)methyl, (6-methyl-2-cydoheptenyl)methyl, (6-methyi-1-cyclohepten-yl) methyl, (4-methyl-1-cyclohep- 
teny1)methyl, (4-methyl-2-cycloheptenyl)methyl, (4-methyl-3-cycloheptenyl)-methyl, (4-methyl-4-cyclohepte- 
nyl)methyl, (5-methyl-3-cycloheptenyl)methyl, (5-methyl-2-cyclohepteny0methyl, (5-methyl-1 - 
cycloheptenyl)methyl, (1 -methyl-2-cyclo-octenyl) methyl, (1-methyl-3-cyclooctenyl)methyl, (1-methyl-4-cydoocte- 
nyl)methyl, (2-methyM -cyclooctenyl) -methyl, (2-methyl-2-cydooctenyl)methyl, (2-methyl-3-cydooctenyl)methyl, 
(2-methyl-4-cyclooctenyl)methyl. (8-methyl-4-cyclooctenyl)methyl, (8-methyl-3-cyclo-octenyl)methyl, (8-methyl-2- 
cyclooctenyl)methyl, (8-methyl-1 -cyclooctenyl) methyl, (3-methyl-1-cydooctenyl)-methyl, (3-methyl-2-cydoocte- 
nyl)methyl, (3-methyl-3-cydooctenyl)methyl, (S-methyl^-cyclooctenyOmethyl, (7-methyl-4-cyclooctenyl)methyl, (7- 
methyl-3-cydooctenyl)methyl, (7-methyl-2-cyclooctenyl)methyl, (7-methyl-1-cyclooctenyl)methyl, (4-methyl-1- 
cydooctenyl)methyl, (4-methyl-2-cyclooctenyl)methyl, (4-methyl-3-cyclooctenyl)methyl, (4-methyl-4-cydoocte- 
nyl)methyl, (6-methyl-4-cyclooctenyl)methyl, (G-methyl^-cyclooctenylJmethyl, (6-methyl-1-cyclooctenyl)methyl, (5- 
methyl-1-cyclooctenyl)methyl, (5-methyl-2-cydooctenyl)methyl, (5-methyl-3-cyclooctenyl)methyl and (5-methyl-4- 
cyclooctenyl)methyl, and those cydoalkenylalkyl groups in which optionally any 1 to 6 hydrogen atoms are substi- 
tuted with fluorine atom(s); and 

cycloalkenylalkenyl groups in which any of hydrogen atoms on the cycloalkenyl ring may be substituted with lower 
alkyl such as cyclopropenylpropenyl, cyclopropenylbutenyl, cyclobutenylbutenyl, cyclopentenylpropenyl, cyclopen- 
tenylbutenyl, cyclopropenylpentenyl, cyclopropenylhexenyl, cyclopropenylheptenyl, cyclobutenylpropenyl, 
cyclohexenylpropenyl and cyclohexenylbutenyl, and those cycloalkenylalkenyl groups in which optionally any 1 to 
6 hydrogen atoms are substituted with fluorine atom(s). 

[0014] "Aralkyl (optionally any 1 to 3 hydrogen atoms on the ring in the aralkyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)" 
signifies unsubstituted or substituted C 7 -C 12 aralkyl groups. As their examples, unsubstituted benzyl, phenethyl, phe- 
nylpropyl and naphthylmethyl, and those substituted with above-listed substituents may be named. 
[0015] "Arylalkenyl (optionally any 1-3 hydrogen atoms on the ring in the arylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino)" signifies unsubstituted or substituted C 8 -C 12 arylalkenyl groups, examples of which include unsubstituted 
phenylpropenyl and naphthylpropenyl, and those substituted with above-listed substituents. 

[0016] Examples of "heteroarylalkyl having 1 to 2 hetero atoms selected from a group consisting of nitrogen, oxygen 
and sulfur (optionally any 1-3 hydrogen atoms on the ring in the heteroarylalkyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)" 
include unsubstituted 2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl. 2-thiazolylmethyl, 4-thiasolylmethyl, 2-thienyl- 
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methyl, 3-thienylmethyl, 1-imidazolylmethyl, 2-imidazolylmethyl, 2-imidazolyl methyl, 4-imidazolylmethyl, 3-pyrazolylme- 
thyl, 4-pyrazolylmethyl, 2-furyf methyl, 3-furylmethyl, 2-pyrrolylmethyl, 3-pyrrolylmethyl, 2-pyrimidinylmethyl, 4- 
pyrimidinylmethyl, 5-pyrimidinylmethyl, pyrazinylmethyl, 3-pyridazinylmethyl, 4-pyridazinylmethyl, 3-quinolylmethyl, 4- 
quinolylmethyl, 5-quinolylmethyl, 6-quinolylmethyt, 7-quinolylmethyl, 8-quinolylmethyl, 1 -isoquinolylmethyl, 3-isoqini- 

5 nolylmethyl, 4-isoquinolyl-methyl, 5-isoquinolylmethyl, 6-isoquinoIylmethyl, 7-isoquinolylmethyl, 8-isoquinolylmethyl, 2- 
benzothie-nytmethyl, 3-benzothienylmethyl, 4-benzothienyl methyl, 5-benzothienylmethyl, 6-benzothienylmethyl, 7-ben- 
zothienylmethyl, 2-indolylmethyl, 3-indolylmethyl, 4-indolylmethyl, 5-indolyl methyl, 6-indolylmethyl, 7-indolylmethyl, 2- 
benzimidazolylmethyl. 4-benzimidazolyl methyl, 5-benzimidazolylmethyl, 2-benzothiazolylmethyl, 4-benzothiazolylme- 
thyl, 5-benzothiazolylmethyl, 6-benzothiazolylmethyl, 7-benzothiazolylmethyl, 2-benzoxazolylmethyl, 4-benzoxazolyi- 

10 methyl, 5-benzoxazolylmethyl, 6-benzoxazolylmethyl, 7-benzoxazolylmethyl, 2-benzofuranylmethyl, 3- 
benzofuranylmethyl, 4-benzofuranyimethyl, 5-benzofuranylmethyl, 6-benzofuranylmethyl, 7-benzofuranylmethyl, 2-pyri- 
dylethyl. 2-pyridylpropyl, 3-pyridylethyl, 4-pyrkjyf ethyl, 2-thiazolylethyl, 2-thienylethyl, 3-thienylethyl, 1-imidazolylethyl, 
2-imidazolylethyl, 3-pyrazolylethyl, 4-pyrazolylethyl, 2-furylethyl, 3-furytethyl, 2-pyrrolylethyl, 3-pyrrolylethyl, 2-pyrimidi- 
nylethyl, 4-pyrimidinylethyl, 5-pyrimidinyl-ethyl, pyrazinylethyl, 3-pyridazinylethyl, 4-pyridazinylethyl, 2-quinlzylethyl, 2- 

75 benzothienyl ethyl, 3-benzothienylethyl, 4-benzothienylethyl, 5-benzothienylethyl, 6-benzothienylethyl, 7-benzothienyle- 
thyl, 2-indolylethyl, 3-indolylethyl, 4-indolylethyl, 5-indolyl -ethyl, 6-indolylethyl, 7-indolylethyl, 2-benzimidazolylethyl, 4- 
benzimidazolylethyl, 5-benzimidazolylethyl, 2-benzothiazolylethyl, 4-benzothiazolylethyl, 5-benzothiazolyl ethyl, 6-ben- 
zothiazolylethyl, 7-bensothiazolylethyl, 2-benzoxazolylethyl, 4-benzoxazolylethyl, 5-benzoxazolylethyl, 6-benzoxa- 
zolylethyl, 7-benzoxazdylethyl, 2-benzofuranylethyl, 3-benzofuranylethyl, 4-benzofuranylethyl, 5-benzofuranylethyl, 6- 

20 benzofuranylethyl and 7-benzofuranylethyl, and those which are substituted with above-listed substituents. 

[001 7] As examples of "heteroarylalkenyl having 1 -2 hetero atoms selected from the group consisting of nitrogen, oxy- 
gen and sulfur (any 1 to 3 hydrogen atoms on the ring of said heteroarylalkenyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)", 
unsubstituted 2-pyridylpropenyl, 3-pyridylpropenyl, 4-pyridylpropenyl, 2-thiazolylpropenyl, 2-thienylpropenyl, 3-thienyl- 

25 propenyl, 1 -imidasolylbutenyl, 2-imidazolylpropenyl, 3-pyrazolylpropenyl, 4-pyrazolylpropenyl, 2-furylpropenyl, 3-furyl- 
propenyl, 2-pyrrolylpropenyl, 3-pyrrolylpropenyl, 2-pyrimidinylpropenyl, 4-pyrimidinylpropenyl, 5-pyrimidinylpropenyl, 
pyrazinylpropenyl, 3-pyridazinylpropenyl, 4-pyridazinylpropenyl, 2-quinidylpropenyl, 2-benzothienylpropenyl and 2- 
indolylpropenyl, and those substituted with above-named substituents may be named. 
[0018] "Halogen" include fluorine, chlorine, bromine and iodine. 

so [001 9] "Lower alkyl" signifies -C 6 straight chain or branched alkyl groups, for example, methyl, ethyl, propyl, isopro- 
pyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, hexyl and isohexyl groups. 

[0020] "Lower alkoxy" signifies C r C 6 straight chain or branched alkoxy groups, for example, methoxy, ethoxy, pro- 
poxy, isopropoxy, butoxy, sec-butoxy, isobutoxy, t-butoxy, pentyloxy, isopentyloxy, hexyloxy and isohexyl-oxy groups. 
[0021] "Lower alkoxycarbonyl" signifies CyCy straight chain or branched alkoxycarbonyl groups, for example, meth- 
35 oxycarbonyl, ethoxycarbonyl, propoxycarbony, isopropoxycarbonyl, butoxycarbonyl, sec-butoxy-carbonyl, isobutoxycar- 
bonyl, t-butoxycarbonyl, pentyloxycarbonyl, isopentyloxycarbonyl, hexyloxycarbonyl and isohexyloxycarbonyl groups. 
[0022] "Aralkyloxycarbonyl" signifies C 7 -C 10 aralkyloxycarbonyl groups, for example, benzyloxycarbonyl and 
phenethyloxycarbonyl groups. 

[0023] "Lower alkylamino" signifies C^Ce straight chain or branched alkylamino groups, for example, methylamino, 
40 ethylamino, propylamine isopropylamino, butylamino, sec-butylamino, t-butylamino, pentylamino, isopentylamino, hex- 
ylamino, isohexylamino, dimethylamino, diethylamino and dipropylamino groups. 

[0024] "Protected hydroxyl groups" signify hydroxyl groups which are protected with acyl such as acetyl, alkylsilyl such 
as trimethylsilyl and t-butyldimethylsilyl, aralkyl such as benzyl and trityl, ether group such as methoxymethyl, and in the 
form of alkylideneketal such as isopropylideneketal. 
45 [0025] "Protected oxo groups" signify oxo groups which are protected in the form of acetal or ketal such as ethylene 
ketal, trim ethylene ketal and dimethyl ketal. 

[0026] "Protected amino or lower alkylamino groups" signify amino or lower alkylamino groups which are protected 
with, for example, aralkyl groups such as benzyl, p-methoxybenzyl, p-nitrobenzyl, benzhydryl and trityl; lower alkanoyl 
groups such as formyl, acetyl and propionyl ; arylalkanoyl groups such as phenylacetyl and phenoxyacetyl ; lower alkox- 

so ycarbonyl groups such as methoxycarbonyl, ethoxycarbonyl, isobutoxy carbony I and t-butoxycarbonyl ; alkenyloxycarb- 
onyl groups such as 2-propenyloxycarbonyl ; aralkyloxycarbonyl groups such as benzyloxycarbonyl and p- 
nitrobenzyloxycarbonyl, and lower alkylsilyl groups such as trimethylsilyl and t-butyldimethylsilyl. In particular, amino or 
lower alkylamino groups which are protected with t-butoxycarbonyl and benzyloxycarbonyl groups are preferred. 
[0027] Also "deprotection" signifies removal of protective groups by the means conventionally used in the field of 

55 organic chemistry, such as hydrolysis, hydrogenolysis and the like. 
[0028] Referring to the general formula [I], 

(1) Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group consisting 
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of nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be sub- 
stituted with lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino 
or lower alkylamino). In particular, unsubstituted phenyl or substituted phenyl having above- named substituents 
are preferred. 

(2) R 1 is a C 3 -C 6 cycloalkyl which may have 1 to 4 fluorine atoms on the ring; cyclobutyl, cyclopentyl, cyclohexyl, 
2-fluorocydobutyl, 3-fluorocyclobutyl, 2,2-difluorocyclobutyl, 3,3-difluorocyclobutyl, 2-fluorocyclopentyl, 3-fluorocy- 
clopentyl. 2,2-difluorocyclopentyl, 3,3-difluorocyclopentyl, 2,2,3,3-tetrafluorocyclopentyl, 3.3,4,4-tetrafluorocy- 
clopentyl, 2-fluorocyclohexyl, 3-fluorocyclohexyl, 4-fluorocyclo-hexyl, 2,2-difluorocyclohexyl, 3,3-difluorocyclohexyl 
and 4,4-dif luorocyclohexyl being preferred. 

Of these, particularly 2-fluorocyclobutyl, 3-fluorocydobutyl, 2,2-difluorocyclobutyl, 3,3-difluorocyclobutyl, 2- 
fluorocyclopentyl, 3-fluorocydopentyl, 2,2-difluorocyclopentyl, 3,3-difluorocyclopentyl, 2,2,3,3-tetrafluorocy- 
clopentyl, 3,3,4,4-tetraflurocyclopentyl, 2-fluorocyclohexyl, 3-fluorocyclohexyl, 4-fluorocyclohexyl, 2,2-difluorocy- 
clohexyl, 3,3-difluorocyclohexyl and 4,4-difluorocyclohexyl are preferred. 3,3-Difluorocyclopentyl is the best 
preferred. 

(3) X represents O or NH, NH being the preferred. 

(4) R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atom(s), aralkyl, arylalkenyl, heteroarylaikyl or heteroaryl-alkenyl group having 1 
to 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 3 hydrogen 
atoms on the ring in said aralkyl, arylalkenyl, heteroarylaikyl or heteroarylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino). Of these, the groups expressed by the following formula [II], in which any 1 to 6 hydrogen atoms may 
be substituted with fluorine atom(s), 



Q represents methylene, ethylene, trimethylene or tetramethyiene; 

R fl and R c each represents a hydrogen atom or are combined to form a single bond; and 

R b> R d and R e may be the same or different and each represents a hydrogen atom, a lower alkyl group, C3-C8 
cycloalkyl or cycloalkenyl, or R b and R d , or Ft 41 and R e together form each a C3-C8 cycloalkyl or cydoalkenyl], 

benzyl, phenethyl, phenylpropyl, phenylpropenyl or 2-pyridylmethyl, 2-pyrkJylethyl, 2-pyridylpropyl, 3-pyridylmethyl, 
4-pyridylmethyl, 2-thiazolylmethyl, 2-thienyl methyl, 3-thienyl methyl, 1-imidazolylmethyl, 2-imidazolylmethyl, 4-imi- 
dazolylmethyl, 2-furylmethyl, 3-furylmethyl, 2-pyrrolylmethyl, 3-pyrrolylmethyl (any 1 to 3 hydrogen atoms on the 
ring of said benzyl, phenethyl, phenylpropyl, phenylpropenyl or heteroarylaikyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino) are preferred. 

[0029] In particular, 2-thienylmethyl, 3-thienylm ethyl, 2-furylmethyl, 3-furylmethyl, 2-pyridylmethyl or benzyl (any 1-3 
hydrogen atoms on the ring in the thienylmethyl, furylm ethyl, pyr idyl methyl or benzyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, amino, lower alkylamino or lower 
alkoxy) are preferred, inter alia. 6-aminopyridin-2-yl methyl group is preferred. 

[0030] According to the manner of substitution, the compounds of the present invention may exist in the form of ster- 
eoisomers such as optical isomers, diastereoisomers and geometrical isomers. It is to be understood that the com- 
pounds of the present invention also include all such stereoisomers and mixtures thereof. 

[0031] Moreover, the compounds of the present invention may exist in the form of pharmaceutical^ acceptable salts. 
Such salts include inorganic acid salts such as hydrochlorides, sulfates, nitrates, phosphates and perchlorates; organic 
carboxylic acid salts such as maleates, fumarates, succinates, tartrates, citrates and ascorbates; organic sulfonic acid 
salts such as methanesulfonates, isethionates, benzenesulfonates and p-toluenesulfonates; and the like. 
[0032] The compounds of the above general formula [I] in accordance with the present invention can be prepared, for 
example, by: 



R a R c 




CM] 



[in which 
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(a) reacting a carboxylic acid of the general formula [III] 



At 



HQ 



COOH 



[III] 




[wherein Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group 
consisting of nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group 
may be substituted with lower aikyl, trif luoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower 
alkoxy, amino or lower alkylamino); and R 10 represents a C 3 -C 6 cycloalkyl in which any 1 to 4 hydrogen atoms 
may be substituted with fluorine atom(s) or a C 3 -C 6 cycloalkyl having 1 to 2 protected or unprotected hydroxyl 
or oxo group(s)] 

or a reactive derivative thereof with a compound of the general formula [IV] 



[wherein R 20 represents a C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon group in which any 1 to 6 
hydrogen atoms may be substituted with fluorine atom(s), C 5 -C 15 saturated or unsaturated aliphatic hydrocar- 
bon group having t-2 protected or unprotected hydroxyl or oxo group(s), aralkyl, arylalkenyl, heteroarylalkyl or 
heteroarylaikenyl group having 1 to 2 hetero atoms selected from a group consisting of nitrogen, oxygen and 
sulfur (optionallly any 1 to 3 hydrogen atoms on the ring in said aralkyl, arylalkenyl, heteroarylalkyl or heteroar- 
ylaikenyl group may be substituted with lower alkyl, trif luoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbo- 
nyl, halogen, lower alkoxy, unprotected or protected amino, unprotected or protected lower alkylamino or 
aralkyloxycarbonyl group) and X stands for NH or 0] or a salt thereof; 

and when either R 10 or R 20 has unprotected or protected 1 to 2 hydroxyl or oxo group(s) converting said hydroxyl 
or oxo groups to fluorine atom(s) either as they are or after removing the protective group(s); when R 10 or R 20 has 
protected amino or protected lower alkylamino group(s), removing the protective group(s); and when R 10 or R 20 
has lower alkoxycarbonyl or aralkyloxycarbonyl, converting the same to amino; or 

(b) reacting a carboxylic acid of the above general formula [III] or a reactive derivative thereof with a compound of 
the general formula [V] 



[wherein E is a protective group for the imino group, and X is as defined above] or a salt thereof; deprotecting 
the resulting compound of the general formula [VI] 




[IV] 




[v] 
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[VI] 



[wherein Ar, R 10 , X and E are as defined above] hereafter reacting the same with a compound of the general 
formula [VII] 

R 20 -L [VII] 

[wherein L represents a leaving group, and R 20 is as defined above] 

in the presence of a base, if necessary, and again if necessary conducting a conversion reaction of R 10 and R 20 
similar to the above; or 

(c) deprotecting a compound of the above general formula [VI] and subjecting it to a reductive alkylation reaction 
with a compound of the general formula [VIII] 

R 21 -CHO [VIII] 

[wherein R 21 represents a C 4 -C 14 saturated or unsaturated aliphatic hydrocarbon group in which any 1 to 6 
hydrogen atom(s) may be substituted with fluorine atom(s), C 4 -C 14 saturated or unsaturated aliphatic hydro- 
carbon group having unprotected or protected 1 to 2 hydroxyl or oxo group(s), aryl, aralkyt, arylalkenyl or het- 
eroaryl, heteroarylalkyl or heteroarylalkenyl having 1 to 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur (optionally any 1-3 hydrogen atoms on the ring in said aryl, aralkyl, arylalkenyl, het- 
eroaryl, heteroarylalkyl or heteroarylalkenyl group may be substituted with lower alkyl, trifluoromethyl, cyano, 
hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, unprotected or protected amino, unprotected or 
protected lower alkylamino or aralkyloxycarbonyl)], 

and if necessary conducting the conversion reaction of R 10 and R 21 similar to the foregoing. 



[0033] In the above formula [VII], leaving groups" represented by L include, for example, halogen atoms such as chlo- 
rine, bromine and iodine; alkylsulfonyloxy groups such as methanesulfonyloxy; and arylsulfbnyloxy groups such as p- 
toluenesulfonyloxy. 

[0034] In the above formulae [V] and [VI], "protective groups for the imino group" represented by E signify similar pro- 
tective groups to those for amino as above. 

[0035] In the above-described process variant (a), a carboxylic acid of formula [III] is reacted with a compound of for- 
mula [IV] or a salt thereof in the presence of a suitable condensing agent. Thus, there is obtained a coupled compound 
of the general formula [IX] 




[wherein Ar, R 10 , X and R 20 are as defined above]. 

[0036] The carboxylic acid of formula [III] used as a starting material in the above condensation reaction can be pre- 
pared, for example, by the method as described in Referential Examples. 

[0037] The condensing agent to be used in the above-described reaction may be any of those which are commonly 
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used in the field of organic synthetic chemistry for condensation reactions of carboxyl groups with hydroxy! or amino 
groups, and examples thereof include N,N*-dicyclohexylcarbodiimide, 1-etriyl-3-(3^imethyl-aminopropyl)carbodiimide t 
diphenylphosphoryi azide and dipyridyl disulfide-triphenylphosphine. Of these, 1 -ethyl -3-(3<jimethylaminopropyl)car- 
bodiimide is preferred. 

5 [0038] Use rate of these condensing agents are subject to no critical limitation, while normally it may be within a range 
of 1 to 5 equivalents, preferably 1 to 2 equivalents, per mole of the compound of formula [III]. 
[0039] If necessary, the above-described condensation reaction may be carried out in the presence of a base. Bases 
which can be used for this purpose include, for example, aliphatic tertiary amines such as triethylamine and diisopro- 
pylethylamine; and aromatic amines such as pyridine, 4-dimethylaminopyridine, quinoline. 4-Dimethylaminopyridine is 

10 particularly preferred. 

[0040] The condensation reaction is preferably carried out in an inert solvent. Suitable inert organic solvents include, 
for example, diethyl ether, tetrahydrofuran, N,N-dimethyrformamide, dioxane, benzene, toluene, chlorobenzene, meth- 
ylene chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethylene and mixtures of the foregoing sol- 
vents. Of these, diethyl ether, tetrahydrofuran, N,N-dimethylformamide and dioxane are preferred. 
75 [0041 ] The reaction temperature may usually range from -70°C to the boiling point of the solvent used for the reaction 
and preferably from -20°C to 100°C. Under these conditions, the reaction can usually be completed in a period of time 
ranging from 5 minutes to 7 days and preferably from 10 minutes to 24 hours. 

[0042] The proportion of the compound of formula [IV] or a salt thereof to the compound of formula [III] is not critical 
and may vary according to the kinds of individual compounds, the reaction conditions employed and other factors. 
20 Whereas, the compound of formula [IV] or a salt thereof may usually be used in an amount of 1 to 5 moles, preferably 
1 to 2 moles, per mole of the compound of formula [III]. 

[0043] The coupled compound of the above formula [IX] can also be obtained by converting the carboxylic acid of 
formula [III] into a reactive derivative thereof and condensing it with the compound of formula [IV] or a salt thereof. 
[0044] Suitable reactive derivatives of the carboxylic acid of formula [III] include, for example, compounds which are 
25 commonly used in the field of organic synthetic chemistry for activation of carboxyl group(s) in an esterif ication or ami- 
dation reaction, such as mixed acid anhydrides, active esters and active amides. 

[0045] Mixed acid anhydrides of the carboxylic acid of formula [III] can be obtained by reacting the carboxylic acid of 
formula [III] with an aikyl chlorocarbonate, e.g., ethyl chlorocarbonate, an aliphatic carboxylic acid chloride, e.g., acetyl 
chloride, pivaloyl chloride or the like according to conventional method. Reactive esters thereof can be obtained by 

30 reacting the carboxylic acid of formula [III] with an N-hydroxy compound, e.g., N-hydroxysuccinimide, N-hydroxyph- 
thalimide or 1-hydroxybenzotriazole; or a phenol compound, e.g., 4-nrtrophend, 2,4-dinitrophenol, 2,4,5-trichlorophe- 
nol, pentachlorophenol or the like; in the presence of a condensing agent, e.g., N.N* -dicyclohexylcarbodiimide, 1 -ethyl- 
3-(3-dimethylaminopropyi)carbodiimide, diphenylphosphoryi azide or dipyridyl disulfide-triphenylphosphine, according 
to conventional method. Reactive amides thereof can be obtained by reacting the carboxylic acid of formula [III] with 

35 1,1* -carbonyl-di imidazole, 1 , V -carbonylbis(2-methyl imidazole) or the like according to conventional method. 

[0046] The condensation reaction of a reactive derivative of a carboxylic acid of formula [III] with a compound of for- 
mula [IV] or a salt thereof is preferably carried out in an inert solvent. Suitable inert organic solvents include, for exam- 
pie, diethyl ether, tetrahydrofuran, N,N-dimethyKbrmamide, dioxane, benzene, toluene, chlorobenzene, methylene 
chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethylene and mixtures of the foregoing solvents. Of 

40 these, diethyl ether, chloroform, tetrahydrofuran, N p N-dimethyHormamide and dioxane are preferred. 

[0047] The reaction temperature may usually range from -70°C to the boiling point of the solvent used for the reaction 
and preferably from -20°C to 100°C. 

[0048] The proportion of the compound of formula [IV] or a salt thereof to the reactive derivative of a carboxylic acid 
of formula [III] is not critical and may vary according to the kind of the reactive derivative and other factors, while the 
45 compound of formula [IV] or a salt thereof may usually be used in an amount of 1 to 5 moles, preferably 1 to 2 moles, 
per mole of the reactive derivative of the carboxylic acid of formula [III]. 

[0049] In the coupled compounds expressed by the general formula [IX], when R 10 is a C 3 -C 6 cycloalkyl group having 
1-2 unprotected or protected hydroxyl or oxo group(s), or R 20 is an aliphatic hydrocarbon group having 1 -2 unprotected 
or protected hydroxyl or oxo group(s), the hydroxyl or oxo group(s) are converted to fluorine atom(s) either as they are 

so or after removing the protective group(s). 

[0050] Removal of protective groups from hydroxyl and oxo groups which are protected in the form of ketals in the 
compounds of formula [IX] can normally be effected in aqueous solvent, using an inorganic acid, an organic acid, a 
weakly acidic salt or the like. Suitable inorganic acids include, for example, hydrochloric acid and sulfuric acid; suitable 
organic acids include, for example, p-toluenesulfonic acid, benzenesulfonic acid, camphor-sulfonic acid and acetic acid; 

55 and suitable weakly acidic salts include, for example, ammonium chloride and pyridinium p-toluenesulfonate. Preferred 
aqueous solvents include aqueous methanol, aqueous ethanol, aqueous tetrahydrofuran, aqueous dioxane and the 
like. The reaction may usually be carried out in the presence of a catalytic amount to 5 equivalents, preferably a catalytic 
amount to 1 equivalent, of such an acid or salt at a temperature ranging from 0°C to 100°C and preferably from room 



11 



EP 0 930 298 A1 



temperature to 80°C. 

[0051] Conversion of the hydroxyl or oxo group(s) to fluorine atom(s) can normally be effected by causing the com- 
pound to react in an inert solvent which is not detrimental to the reaction, e.g., methylene chloride, chloroform, tetrahy- 
drofuran, methanol, acetonitrile, dimethylsulfoxide or pyridine, or in the absence of a solvent, using one equivalent to an 

5 excessive amount, preferably 1 -2 equivalents, of a f luorinating agent such as sulfurtetraf luoride, diethylaminosulfurtrrf- 
luoride, cesium fluorosulfate, tetrabutylammonium fluoride, tris(dimethylamino)sulfonium-difluorotrimethyl silicate, 
hydrogen fluoride or tosyl fluoride, preferably at temperatures ranging -80°C - 180°C for 10 minutes to 72 hours. 
[0052] When R 20 in the compounds expressed by general formula [IV] or [IX] has protected amino group(s) or pro- 
tected lower alkytamino group(s), the protective group(s) are removed if necessary; when lower alkoxycarbonyl or ary- 

10 loxycarbonyl group(s) are present, the functional group(s) are suitably converted to amino group(s). Removal of amino- 
protective groups can be effected by processes known Qeisfi, for example, any of those described in Protective Groups 
jn Organic Synthesis. T.W. Greene, John Wiley & Sons Co. (1981) or methods analogous thereto, for example, solvol- 
ysis using an acid or base, chemical reduction using a metal hydride complex or the like and catalytic reduction using 
palladium-on-carbon, Raney-nickel or the like. 

15 [0053] Solvolysis with an acid can normally be carried out by treating the compound with an acid such as formic acid, 
trif luoroacetic acid, hydrochloric acid or sulfuric acid, in an inert solvent such as methylene chloride, anisole, tetrahydro- 
furan, dioxane, methanol or ethanol or a mixture of such a solvent and water, or in the absence of solvent, preferably at 
a temperature in the range from about 0° to about 100°C, for a period of time ranging from 10 minutes to 24 hours. 
[0054] Solvolysis with a base can normally be carried out by treating the compound with an alkali metal hydroxide, 

20 e.g., lithium hydroxide, sodium hydroxide or potassium hydroxide; an alkali metal carbonate, e.g., sodium carbonate or 
potassium carbonate, in an inert solvent which exerts no adverse effect on the reaction, e.g. , methanol, ethanol, isopro- 
panol. tetrahydrofuran or dioxane or a mixture of such a solvent and water, preferably at a temperature in the range of 
from about -20 to about 80°C, for a period of time ranging from 10 minutes to 24 hours. 

[0055] Catalytic reduction can normally be carried out in the presence of a catalyst such as palladium-on-carbon, pal- 
25 ladium hydroxide, Raney nickel or platinum oxide, in an inert solvent, e.g., methanol, ethanol, water or acetic acid or a 
mixture of such solvents, preferably under a pressure of hydrogen of about 1 to about 20 kg/cm 2 , preferably at a tem- 
perature in the range of from about 0 to about 40°C, for a period of time ranging from 10 minutes to 24 hours. 
[0056] Conversion of the lower alkoxycarbonyl or aryloxycarbonyl to amino can be conducted by either reacting the 
compound with hydrazine to form an acid hydrazide and thereafter converting it to the corresponding acid azide; or con- 
30 verting the compound to a carboxylic acid by hydrolysis, then to an acid azide, followed by rearrangement and hydroly- 
sis. 

[0057] In the process variant (b), the condensation reaction of a carboxylic acid of formula [III] or a reactive derivative 
thereof with a piperidine derivative of formula [V] in the first stage can be practiced in the manner similar to the conden- 
sation reaction of a carboxylic acid of formula [III] or a reactive derivative thereof with a compound of formula [IV] in the 
35 process variant (a). 

[0058] The compound of the foregoing formula [VI] obtained through this condensation reaction is then removed of 
the protective group(s) of imino group(s). 

[0059] Removal of said imino-protective groups from a compound of formula [VI] can be effected in the manner similar 
to above-described removal of amino-protective groups. 
40 [0060] Thus obtained compounds of the general formula 



[wherein Ar, R 10 and X are as defined above] is reacted with a compound of formula [VIQ in the second stage, if 
necessary in the presence of a base. 

55 [0061 ] The reaction of the compound of formula [X] with the compound of formula [VIQ is usually carried out in a suit- 
able solvent by using the compounds in substantially equimolar amounts or using either of the compounds in slight 
excess (e.g., using the compound of formula [VII] in an amount of 1 to 1 .3 moles per mole of the compound of formula 
[X]). If desired, however, either of the compounds may be used in large excess. Moreover, a suitable base and/or an 



45 





50 
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additive may be used. 

[0062] Suitable solvents include, for example, ethers such as diethyl ether, tetrahydrofuran and dioxane; aromatic 
hydrocarbons such as benzene, toluene, chlorobenzene and xylene; aprotic polar solvents such as dimethyl sulfoxide, 
N.N-dimethylformamide, acetonitrile and hexamethyiphosphoric triamide; and mixtures thereof. 

5 [0063] Bases which can be used for above-described reaction include, for example, alkali metal bicarbonates such 
as sodium hydrogen carbonate and potassium hydrogen carbonate; alkali metal carbonates such as sodium carbonate 
and potassium carbonate; tertiary aliphatic amines such as trimethylamine, triethylamine, N,N-diisopropylethylamine, 
N-methylmorpholine, N-methylpyrrolidine. N-methylpiperidine, N.N-dimethylaniline, 1,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU) and 1,5-diazabicyclo[4.3.0]non-5-ene (DBN); and aromatic amines such as pyridine, 4-dimethylaminopyridine, 

10 picoline, lutidine, quinoline and isoquinoline. Of these, N.N-diisopropylethylamine and potassium carbonate are pre- 
ferred. 

[0064] Additives which can be used for above-described reaction include, for example, alkali metal iodides such as 
lithium iodide, sodium iodide and potassium iodide. Of these, potassium iodide is preferred. 
[0065] The reaction temperature may usually range from about 0°C to the boiling point of the solvent, and the reaction 
is time may usually range from 10 minutes to 48 hours. If desired, however, reaction conditions beyond these limits may 
be used. 

[0066] If necessary, furthermore, conversion reactions of R 10 and R 20 as described as to the process variant (a) are 
conducted. 

[0067] The reductive alkylation reaction of a compound of the above formula [X] with an aldehyde of formula [VIII] 
20 according to the process variant (c) is normally carried out in an inert solvent which exerts no adverse effect on the 
reaction. Suitable inert solvents include, for example, alcohols such as methanol and ethanol; ethers such as diethyl 
ether, tetrahydrofuran and dioxane; aromatic hydrocarbons such as benzene and toluene; and mixtures thereof. Of 
these, methanol, ethanol, tetrahydrofuran and toluene are preferred. 

[0068] The reaction temperature may usually range from about -30°C to about 200°C and preferably from about 0°C 
25 to about 100°C. The reaction time may usually range from 10 minutes to 7 days and preferably from 10 minutes to 24 
hours. 

[0069] The above-described reductive alkylation reaction is preferably carried out under weakly acidic conditions 
which facilitate formation of Schiff bases. Acids which can be used for the necessary pH control include, for example, 
p-toluenesulfonic acid, hydrochloric acid, acetic acid and trifluoroacetic add. 

so [0070] The reductive alkylation can be effected, for example, using a metal hydride complex such as sodium borohy- 
dride, sodium cyanoborohydride, lithium aluminum hydride or sodium triacetoxyborohydride, or by catalytic reduction 
using a palladium-on-carbon catalyst, a Raney nickel catalyst or the like. Preferably, it is effected using a metal hydride 
complex such as sodium borohydride or sodium cyanoborohydride. Especially when the reductive alkylation is carried 
out under weakly acidic conditions which facilitate formation of Schiff bases, it is preferable to use sodium cyanoboro- 

35 hydride or the like which are relatively stable in the acidic pH range. 

[0071 ] When a metal hydride complex is used as the reducing agent, the amount of reducing agent used may usually 
range from 1 mole to excessive moles, preferably from 1 to 10 moles, per mole of the compound of formula [X]. 
[0072] If necessary, then the conversion reactions of R 10 and R 21 as described as to the process variant (a) are car- 
ried out. 

40 [0073] The compounds of formula [I] which are obtained according to the above-described process variants (a), (b) 
and (c) can be isolated and purified by those methods known per se, i.e. such customarily used separation means as 
column chromatography using silica gel, adsorbent resin or the like, liquid chromatography, thin-layer chromatography, 
solvent extraction or recrystallization and reprecipitation. 

[0074] The compounds of the present invention and intermediates thereof exist in stereoisomeric forms such as enan- 
45 tiomeric isomers, diastereoisomers and geometrical isomers. It is to be understood that the compounds of the present 
invention also include all such stereoisomericaliy pure substances and mixtures thereof. When the compounds of the 
present invention and intermediates thereof are racemates, their optical resolution can be achieved by conventional 
means such as high-performance liquid chromatography using a chiral carrier or fractional crystallization of a diastere- 
omeric salt. 

so [0075] The compounds of formula [Q obtained in the above-described manner may be converted into pharmaceuti- 
cal^ acceptable salts thereof according to usual manner. Conversely, such salts may also be converted into the corre- 
sponding free amines according to usual manner. 

[0076] The compounds of formula [I] in accordance with the present invention exhibit potent and selective inhibitory 
activity for binding to muscarinic receptors, a potent and selective antagonism to muscarinic receptors in vitro and, fur- 
55 thermore, potent and durable bronchodilatory action jn vivo . These activities exhibited by the compounds of the present 
invention are demonstrated by the following tests on the inhibition of binding to muscarinic receptors and tests on antag- 
onism against various muscarinic receptors. 
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Tests on inhibition of binding to muscarinic receptors 

[0077] These tests were performed according to a modification of the method of Hargreaves et ai. (Br. J. Pharmacol. 
107: 494-501 , 1992). Muscarinic receptors m1-m5 expressed in CHO cells (Receptor Biology, Inc.) were incubated with 

5 0.2 nM [ 3 H]-N-methylscopolamine (84Ci/mmol, New England Nuclear, Inc.) and a test compound to be tested in 0.5 ml 
of 50 mM Tris-HCI - 1 0 mM MgCI 2 - 1 mM EDTA (pH 7.4) for 120 minutes at room temperature (about 20-25°C), followed 
by suction filtration over glass filters (UniFilter-GF/C; Packard). Then the filter was washed four times with 1 ml of ice- 
cold Tris-HCI buffer and dried at 50°C for an hour. After adding a scintillator (Microscinti O; Packard), the radioactivity 
of [ 3 H]-N-methylscopolamine binding to the filter was counted by a microplate scintillation counter (TopCount™; Pack- 

10 ard). Non-specific binding of [ 3 H]-N-methylscopolamine was measured by adding 1 nM N-methylscopolamine. Accord- 
ing to the method of Cheng and Prussoff (Biochem. Pharmacol. 22: 3099-3108, 1973), the binding affinity (Ki value) of 
a compound of the present invention for muscarinic receptors was calculated from the concentration of the test com- 
pound which achieved 50% inhibition of binding of [ 3 H]-N-methyiscopolamine, labeled ligand (IC50 value). 

15 

Table 1 



Inhibitory Effects on Binding to Muscarinic rr^ and 1x13 
Receptors 




Ki(nM) 


m^rrV} 




mg 






Compound of Example 1 


3200 


5.5 


590 


Compound of Example 10 


17000 


8.9 


1900 


Compound of Example 1 1 


460 


3.2 


140 


Compound of Example 12 


8600 


30 


290 


Compound of Example 14 


1400 


10 


140 


Compound of Example 15 


1000 


3.5 


290 


Compound of Example 20 


550 


3.0 


180 


Compound of Example 21 


50000 


22 


2300 


Compound of Example 22 


13000 


19 


680 


Compound of Example 26 


24000 


22 


1100 


Compound of Example 27 


4200 


20 


210 


Compound of Example 31 


10000 


19 


520 



40 

[0078] As is dear from the results indicated in above Table 1 , those compounds of the present invention exhibited far 
higher binding-inhibitory activity to 1113 receptor, than to m 2 receptor. 

Tests for Antagonism to Muscarinic Receptors (in vitro) 

45 

1) Tests for antagonism to M 2 receptor in an isolated rat right atrium 

[0079] These tests were performed according to a conventional method. A male SD strain rat (weighing 300-500 g) 
was killed by exsanguination, and the right atrium was isolated. This preparation was isometrically suspended in organ 

50 bath filled with 20 ml of Krebs-Henseleit solution (gassed with 95% 0 2 - 5% C0 2 and kept at 32°C) with an initial tension 
of 0.5 g. The heart rate was recorded with a heart rate counter. After the preparation was equilibrated for 30 minutes, 
carbachol (10 9 to 10" 6 M) was cumulatively administered in three-fold increasing doses. Thus, a decrease in heart rate 
was measured to obtain a dose-response curve for the control experiment. After the preparation was washed with fresh 
solution to restore the heart rate, a test compound was administered thereto. Ten minutes later, carbachol was cumu- 

55 latively administered again. Responses to carbachol were expressed as percentages based on the heart rate before 
administration of carbachol as 100%. The antagonistic potency (K B value) of the test compound was determined from 
the degree of shift of the dose-response curve obtained by treatment with individual test compound of the present 
invention. 
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2) Tests for antagonism to the airway M 3 receptor in an isolated rat trachea 



[0080] These tests were performed according to a conventional method. A male SD strain rat (weighing 300*500 g) 
was killed by exsanguination, and the trachea was isolated. Annular segments (2 mm wide) were cut out from the tra- 

5 chea and cut transversely at the anterior cartilage part to make open ring preparation. A preparation was suspended in 
a Magnus tube filled with 5 ml of Krebs-Henseleit solution (gassed with 95% 0 2 - 5% C0 2 and kept at 32°C) with an 
initial tension of 1 .0 g and a resting tension of 0.6 g. The tens ion of the preparation was recorded isometrically. After 
being equilibrated for an hour, the preparation was made to contract twice by treatment with 10 4 M carbachol, and the 
second contraction induced by carbachol was used as the reference contraction. After the preparation was washed with 

10 fresh solution to be restored to the base line, a test compound was administered thereto (or no treatment was given). 
Ten minutes later, carbachol (10 8 to 10" 3 M) was cumulatively administered in three-fold increasing doses to obtain a 
dose-response curve. The dose-response curve was plotted by expressing responses as percentages based on the ref- 
erence contraction of the preparation as 100%. The antagonistic potency (Kb value) of the test compound was deter- 
mined from the degree of shift of the dose-response curve obtained by treatment with the test compound. 

15 



TABLE 2 



Antagonism to Muscarinic Receptors (in vitro) 




K B (nM) 


M2/M3 




right atrium M 2 


Trachea M 3 




Compound of Example 1 


1000 


6.3 


160 


Compound of Example 1 1 


610 


0.95 


640 


Compound of Example 20 


2100 


1.6 


630 



[0081] As is clear from the results indicated in above Table 2, the compounds of the present invention exhibited far 
more powerful antagonism to the trachea M 3 receptor than to the right atrium M 2 receptor. Therefore, the compounds 
30 of the present invention are more selective for trachea M 3 receptor. 

Tests for antagonism against muscarinic M 3 receptor (in vivo) 

1-A) Tests for bronchodilation in rats (i.v.) 

35 

[0082] Eight- to eleven-weeks-old male rats of the Sprague-Dawley strain, weighing 380-420 g, were anesthetized 
with urethane (750 mg/kg, i.p. ) and a-chloralose (37.5 mg/kg, i.p.). The bronchus of each rat was intubated, and the 
right jugular vein was cannulated for drug administration. After spontaneous respiration was fully suppressed by succi- 
nylchoiine (5 mg/body, s.c), the airway resistance was measured under artificial ventilation by means of a Pulmonary 

40 Mechanics Model 6 (Buxco). The acetylcholine (50 jxg/kg, i.v.)-induced airway resistance increase was measured 5 
minutes before and 5 minutes after administration of test compound, and the ratio of the airway resistance of the latter 
to the former was calculated. In controls, isotonic sodium chloride solution was used in place of the test compounds and 
otherwise identical procedures were repeated, the calculated ratio of the airway resistance being set to be 100%. A 
dose that inhibited the acetylcholine-induced increase in airway resistance in the control groups by 50% was defined to 

45 be EDgo, and the ED^ values of the test compounds were calculated by probit analysis of their dose-response curves. 

1-B) Tests for bronchodilation in rats (p.o.) 

[0083] Eight- to eleven-weeks-old male rats of Sprague-Dawley strain weighing 380-420 g were orally administered 
so with a test compound. The rats were treated in the identical manner as in the i.v. test, starting 30 minutes after the 
administration, and their airway resistance values were measured. The acetylcholine-(50 jig/kg, i.v.) induced airway 
resistance increase were measured 60 minutes after the administration of test compounds. In controls, isotonic sodium 
chloride solution was used in place of the test compounds and otherwise identical procedures were repeated, the air- 
way resistance values being set to be 100%. A dose that inhibited the acetylcholine-induced increase in airway resist- 
55 ance in the control groups by 50% was defined to be ED50, and the ED^ values of the test compounds were calculated 
by probit analysis of their dose-response curves. 
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TABLE 3 



Antagonism to Muscarinic Receptor (in vivo) 




Inhibition of Airway Contrac- 
tion EDso (mg/kg) 




iv 


po 


Compound of Example 1 


0.033 




Compound of Example 11 


0.032 


0.22 


Compound of Example 20 


0.040 


0.37 


Compound of Example 26 


0.37 


0.95 


atoropine 
ipratropium 


0.0043 
0.0015 





2) Tests for bronchodilation in dogs (p. o.) 

20 

[0084] Twelve- to twenty-four-months-old male beagle dogs (weighing 10-15 kg) were anesthetized with pentobarbital 
(30 mg/kg, i.v) and intubated in their bronchus. Their airway sensitivity (methacholine inhalation threshold value) were 
measured by means of the methacholine provocation test at least twice at two-weeks interval, and the dogs showing a 
reproducible methacholine reaction threshold values 1 ) ware selected. To those dogs whose methacholine reaction 
25 threshold value had been confirmed, the test compounds were orally administered (1 mg/kg). Four hours after the 
administration, the methacholine provocation test was conducted, and then the methacholine reaction threshold value 
2 > after administration of the test compound was obtained. 

[0085] The bronchodilator activity of the test compound was determined following equation: 

shift value = metnacnol ' ne reaction threshold value 1) after drug administration 

methacholine reaction threshold value 2) without drug administration 



[0086] The methacholine provocation test was conducted using Astograph TCK-6100H Model (Chest). Methacholine 
35 chloride was used as bronchoconstritor, which was diluted with isotonic sodium chloride solution in 10-grade concen- 
tration levels starting from 40,000 *ig/ml, as 20,000, 10,000, 5,000, 2,500, 1,250, 625, 312.5, 156 and 78 ng/ml. These 
methacholine aerosols were inhaled to the test animal each for 1 min, starting from the lowest concentration level, and 
respiration resistance was continuously recorded. The concentration level at which the respiration resistance reached 
twice the initial value was recorded as the methacholine threshold value. 



TABLE 4 



Bronchodilation Activity in Dogs (Oral Administration) 




Methacholine Provoca- 
tion Test (1 mg/kg, p.o.) 




shift value (after 4 hrs.) 


Compound of Example 1 1 


21 


Compound of Example 20 


>69 


Compound of Example 26 


>64 



[0087] As clearly demonstrated in above Table 4, the compounds of the present invention exhibited powerful bron- 
55 chodilation action and long duration of the action. 

[0088] As above, the compounds of formula [I] of the present invention, which are characterized by introduction of 
fluorine atom(s) thereinto, exhibit potent and selective antagonistic activity against muscarinic M 3 receptors and exhibit 
excellent oral activity, duration of action and pharmacokinetics. Hence, they can be administered to patients orally or 
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parenterally as safe pharmaceutics exhibiting little side effects, in the treatment or prophylaxis of diseases such respi- 
ratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma and rhinitis: digestive diseases 
such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain accompanying contraction of smooth mus- 
cles of the digestive system: urinary disorders like urinary incontinence and frequency in neurogenic pollakiuria, neu- 

5 rogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis: and motion sickness. 

[0089] In practically using the compounds of the present invention for the treatment or prophylaxis of such diseases, 
they may be combined with pharmaceutically acceptable adjuvants in the usual manner to prepare pharmaceutical 
compositions suitable for administration. For this purpose, there can be used a variety of adjuvants which are commonly 
used in the field of pharmaceutics. Such adjuvants include, for example, gelatin, lactose, sucrose, titanium oxide, 

10 starch, crystalline cellulose, hydroxypropylmethylcellulose, carboxymethylcellulose, corn starch, microcrystalline wax, 
white petrolatum, magnesium aluminate metasilicate, anhydrous calcium phosphate, citric acid, trisodium citrate, 
hydroxypropyl cellulose, sorbitol, sorb'rtan fatty acid ester, polysorbate, sucrose fatty acid ester, potyoxyethylene, hard- 
ened castor oil, polyvinyl pyrrolidone. magnesium stearate. light anhydrous silicic acid, talc, vegetable oil, benzyl alco- 
hol, acacia, propylene glycol, polyalkylene glycol, cyclodextrin and hydroxypropylcyclodextrin. 

75 [0090J The dosage forms of pharmaceutical compositions prepared by using these adjuvants include solid prepara- 
tions such as tablets, capsules, granules, powders and suppositories; liquid preparations such as syrups, elixirs and 
injections; and the like. These preparations may be formulated according to conventional techniques well-known in the 
field of pharmaceutics. Liquid preparations may be in a form which is dissolved or suspended in water or other suitable 
medium prior to use. In particular, injections may be in the form of a solution or suspension in physiological saline solu- 

20 tion or a glucose solution, or in powder form for reconstitution by dissolution or suspension in physiological saline or a 
glucose solution prior to use. If desired, such injections may contain buffer agents and/or preservatives. 
[0091] As preparations for oral administration, such formulation forms, besides ordinary tablets, capsules, granules, 
powders and the like, aerosols or dry powders for inhalation, elixirs containing spices or coloring agents or suspensions 
may be employed. 

25 [0092] In these pharmaceutical compositions, a compound in accordance with the present invention may be present 
at a ratio of from 1 .0 to 1 00% by weight preferably 1 .0 to 60% by weight, based on the total weight of the composition. 
These pharmaceutical compositions may additionally contain other therapeutically effective compounds. 
[0093] When the compounds of the present invention are used as drugs, their dosage level and dosage schedule may 
vary according to the sex, age and body weight of the patient, the severity of symptoms, the type and range of the 

30 desired therapeutic effect, and the like. Generally for oral administration, they are preferably administered in a daily 
dose of 0. 1 to 1 00 mg/kg for adults and this daily dose may be given at a time or in several divided doses. For parenteral 
administration, they are preferably administered in a daily dose of 0.001 to 10 mg/kg for adults and this daily dose may 
be given at a time or in several divided doses. 

[0094] Hereinafter the present invention is more specifically explained with reference to working examples, it being 
35 understood that the examples are in no way limitative of the scope of the invention. 

Example 1 

(2R)-N-[1-(4-methyl-3-pentenyl)pineridin-4-yl]-2-[(1R)-3. 3-difluorocvclopentvll-2-hvdroxv-2-Dhenylacetamide 

40 

[0095] 

Structura I f ormu I a 

45 



50 




55 Step 1. Synthesis of 1-(4-methyl-3-pentenyl)-4-piperidone 

[0096] To a solution of 2.5 g of 4-piperidone mono-hydrochloride monohydrate in 1 50 ml of acetonitrile, 1 1 g of potas- 
sium carbonate, 2.62 g of 5-bromo-2-methyl-2-pentene and 800 mg of potassium iodide were added sequentially, and 
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the mixture was heated under reflux for 3 hours. The reaction mixture was diluted with ethyl acetate, washed with water 
and then with brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 
2.24 g of the title compound was obtained as a white solid. 

5 Step 2. Synthesis of 4-amino-1-(4-methvl-3-pentenyl)-piperidine 

[0097] To a solution of 2.2 g of 1-(4-methyl-3-pentenyl)-4-piperidone in 60 ml of methanol, 1 .1 g of ammonium acetate 
and 860 mg of sodium cyanoborohydride were added sequentially, at room temperature, followed by stirring overnight 
at same temperature. Distilling the methanol off under reduced pressure, the pH of the reaction media was adjusted to 
w 3 with 1 N hydrochloric acid, followed by washing with diethyl ether. The aqueous layer was basrf ied with 1 N aqueous 
sodium hydroxide solution and extracted with chloroform. The organic layer was washed with water and then brine, and 
dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 1 .9 g of the title compound 
was obtained as a colorless oil. 

15 Step 3. Synthesis of (2R)-N-f1-(4-methvl-3-pertenvl)-p^ 
nyl ace tamide 

[0098] To a solution of 75 mg of (2R)-[(1R)-3,3-d'rfluorocyclopentyl]-2-hydroxy-2-phenylacetic acid in 3 ml of N,N- 
dimethylfbrmamide, 55 mg of 1 , 1 * -carbonyldiimidazole was added at room temperature, followed by stirring for 2 hours 

20 at the same temperature. Then 60 mg of 4-amino-1 -(4-methyl-3-pentenyl)piperidine and 5 mg of 4-dimethylaminopyri- 
dine were added sequentially, followed by stirring overnight at room temperature. TTie reaction mixture was diluted with 
diethyl ether, washed with saturated aqueous sodium bicarbonate solution, water and brine, and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, the resulting residue was purified by preparative 
thin layer chromatography [Kieselgel™ 60F 2 54, Art 5744 (Merck); chloroform / methanol = 10/1], to provide 23 mg of the 

25 title compound as an oil. 

1 H-NMR (CDCI 3 , Sppm): 1.32-1.50(2 H, m), 1.60 (3H, s) , 1.68 (3H, s) , 1.58-2.34 (12H, m) , 2.43 - 2.49 (1H, m) , 
2.73 -2.82 (3H, m) , 3.23 - 3.36 (1 H, m) , 3.48 (1 H, brs), 3.62 - 3.73 (1 H, m) , 5.03 - 5.08 (1 H, m) , 6.29 - 6.33 (1 H, 
m) , 7.25 - 7.39 (3 H, m) , 7.54 - 7.57 (2 H, m) 

30 

low resolution FAB-MS (m/e, (C24H3 4 F 2 N 2 0 2 + H) + ): 421 . 
Example 2 
35 (2R)-M1-(4-methyl-3-pem^ 

[0099] 

Structura I f ormu I a 

40 



45 




50 

[0100] The title compound was prepared in the same manner as described in step 3 of Example 1 using (2R)-[(1S)- 
3,3-difluorocyclopentyl]-2-hydroxy-2-phenylaceticacid. 

55 1 H-NMR (CDCI3, 6ppm): 1.60 (3H, s), 1.68 (3H, s) , 1.35-2.48 ( 15H, m) , 2.75-2.86 (3 H, m) , 3.22 - 3.36 ( 1 H, m) 
, 3.48 (1 H, brs), 3.61-3.76 (1H,m) , 5.03-5.08 (1H, m) , 6.27 ( 1H, d, J = 8.0 Hz ) , 7.26-7.40 (3 H ( m) , 7.55 - 7.58 
(2 H m) 
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low resolution FAB-MS (m/e, (C^H^FgNgC^ + H) + ): 421. 
Example 3 

5 (2RVN-f1^4-methyl-3-perrtenvn^ and 
N-[1-(4-methyl-3-p9ntenyl)-pin^ 

[0101] 

10 Structural formulae 



75 




F 



[01 02] The title compounds were prepared using (2R)-[(1 S)-3-f luorocyclopentyl]-2-hydroxy-2-phenylacetic acid, in the 
25 same manner as described in step 3 in Example 1 , and separated in the final step. 

(2R)-N-M-(4-methvl-3-pertenvlVpip^^ 

[0103] 

30 

1 H - NMR (CDCI 3 , 5ppm) : 1.60 (3H, s) , 1.68 (3H, s) , 1.31-2.33 (15H, m) , 2.44-2.49 (1H, m) , 2.69-2.81 (2H, m) , 
3.19-3.30 (1H, m) , 3.62-3.74 (1H, m) , 3.90 (1H, brs) . 5.03-5.28 (2H, m) , 5.87-5.91 (1H, m) , 7.25 - 7.40 (3 H. m) 
. 7.53 - 7.57 (2 H, m) 

35 low resolution FAB-MS (m/e, (C24H35FN2O2 + H) + ): 403 

(2R}-N-[1-(4-methvl-3-pentenyl)-piperi 

[0104] 

40 

1 H-NMR (CDCI 3l ppm): 1 .61 (3H, s) ,1 .68 (3H, s) , 1 .37-2.26 (14H, m) , 2.32-2.37 (2H, m) , 2.75-2.90 (2H, m) , 3.43- 
3.56 (1H, m) , 3.62-3.76 (1H, m), 5.04-5.13 (2H, m) , 6.91-6.95 (1H, m) , 7.23-7.35 (3H, m), 7.67-7.71 (2H, m) 

low resolution FAB-MS (m/e. (C24H35FN2O2 + H) + ): 403. 



50 



55 
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Example 4 

(2RVN4H4-methyt-3-pemenyl)pto^ and 
(2R)-N-ri-(4-methvl-3-pentenvn-piper^ 

[0105] 

Structura I formulae 



75 




20 [0106] The title compounds were prepared using (2R)-[(1 R)-3-fluorocyclopenty0-2-hydroxy-2-phenylacetic acid, in the 
same manner as described in step 3 in Example 1, and separated in the final step. 

(2R)-N-[1-(4-methyl-3-pen^^ 

25 [0107] 

1 H-NMR (CDCI 3 , 6ppm): 1.60 (3H, s) , 1.70 (3H , s) , 1.38-2.17 (14H, m) , 2.27-2.32 (2H, m) , 2.70-2.81 (2H , m) , 
3.19-3.32 (1 H , m) , 3.63-3.74 (1 H , m) , 3.93 (1 H , brs) , 5.00-5.21 (2H, m) , 5.96-6.02 (1H , m) , 7.26-7.38 (3H , 
m), 7.55-7.58 (2H,m) 

30 

low resolution FAB-MS (m/e, (C24H35FN2O2 + H) + ): 403 
(2R)-N-rH4-methyl-3-pentenvnpiperidin-4-^ 
35 [0108] 

1 H -NMR (CDCI3, 6ppm): 1.60 (3 H, s) ,1.68 (3H, s) , 1.38-2.32 (6H , m) , 2.74-2.88 (2H , m) , 3.41-3.52 (1H , m) , 
3.63-3.74 (1H , m) , 5.02-5.21 ( 2H , m) , 6.90 (1H , d , J = 8.2Hz), 7.23-7.35 (3H , m) , 7.66-7.69 (2H, m) 

40 low resolution FAB-MS (m/e, (C24H35FN2O2 + H) + ): 403. 
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Example 5 

N-n-K3ZM-frifluoromethvl-3^ente^ 
5 [0109] 

Structura I formul a 



w 



15 




Step 1. Synthesis of N-(piperidin-4-yl)-2-cvclonentvl-2-hydroxy-2-phenytacetamide 

20 

[01 10] To a solution of 3.51 g of 2-cyclopentyl-2-riydroxy-2-phenylacetic acid in 40 ml of N.N-dimethylformamide, 2.63 
g of 1 , r -carbonyldiimidazole was added and stirred at room temperature for 2 hours. To the reaction mixture 3.96 g of 
4-amino-1-(t-butoxycarbonyl)-piperidine monohydrochloride, 200 mg of 4-dimethylamino-pyridine and 6.9 ml of diiso- 
propylethylamine were added, followed by stirring overnight at room temperature. Saturated aqueous sodium bicarbo- 

25 nate solution was added to the reaction mixture followed by an extraction with diethyl ether. The organic layer was 
washed with brine and dried over anhydrous sodium sulfate. Distilling the solvent off under reduced pressure, the result- 
ant residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 3/1) to pro- 
vide 2.84 g of a white solid. The solid was dissolved in 30 ml of 10% hydrochloric acid-methanol, and stirred overnight 
at room temperature. Distilling the methanol off under reduced pressure, the residue was diluted with water and washed 

30 with diethyl ether. The aqueous layer was made basic with sodium hydroxide and extracted with chloroform. The 
organic layer was washed with water and then with brine, and dried over anhydrous magnesium sulfate. Distilling the 
solvent off under reduced pressure, 2.15 g of the title compound was obtained as a white solid. 

Step 2. S ynthe sis of (3Z)-4-trifltiQ r p m et hyl- 3-p ent e nyl t- bu t yldip h eny l s ilyl e th er 

35 

[01 1 1 ] To a solution of 2.94 g of (3-t-butyldiphenyl-silyl oxypropyl)triphenylphosphonium bromide in 40 ml of tetrahy- 
drofuran, 2.5 ml of 1 .7 M hexane solution of n-butyllithium was added dropwise at -78°C. The temperature was raised 
to -20°C. After stirring for an hour at said temperature, reaction mixture was cooled to -78°C into which 0.5 ml of trrfluor- 
oacetone was added dropwise, followed by stirring overnight while raising the temperature to room temperature. The 
40 reaction liquid was diluted with hexane, washed with 10% hydrochloric acid, water and then brine, and dried over anhy- 
drous magnesium sulfate. Distilling the solvent off under reduced pressure, resulting residue was purified by silica gel 
column chromatography (developing solvent: hexane / ethyl acetate = 9/1) to provide 1.44 g of the title compound. 

Step 3. Synthesis of (3Z)-4-trifluoromethyl-3-pentenol 

45 

[01 12] To a solution of 1 .44 g of (3Z)-4-trif luoro-methyl-3-pentenyl t-butyl-diphenylsilyl ether in 8 ml of tetrahydrofuran, 
4.4 ml of 1 .0 M solution of tetrabutyl-ammonium fluoride in tetrahydrofuran was added, followed by stirring for 2 hours 
at room temperature. The reaction mixture was diluted with diethyl ether, washed with water and then brine, and dried 
over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by silica 
so gel column chromatography (developing solvent: ethyl acetate) to provide 41 4 mg of the title compound. 

Step 4. Synthesis of (3Z)-4-trifluprpmethyl-3-pgntenyl p-tQluenesulfpna.te 

[0113] To a solution of 414 mg of (3Z)-4-trifluoromethyl-3-pentenol in 6 ml of pyridine, 565 mg of p-toluenesulfonyl 
55 chloride was added under cooling with ice, followed by stirring for 16 hours at room temperature. The reaction mixture 
was diluted with diethyl ether, washed with water and then brine, and dried over anhydrous magnesium sulfate. Distilling 
the solvent off under reduced pressure, the residue was purified by silica gel column chromatography (developing sol- 
vent: hexane / ethyl acetate = 9/1) to provide 412 mg of the title compound. 
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Step 5. Synthesis of N-[1 -[(3Z)-4-trif luoromethyl-3 jjertenynpiperi^^^ 

[0114] To a solution of 77 mg of N-(pipertdin-4-yl)-2-cyclopentyl-2-hydroxy-2-phenylacetamide in 3 ml of N, N-dimeth- 
ylformamide, 74 mg of (3Z)-4-trifluoromethyl-3-perrtenyl p-toluenesulfonate, 102 mg of potassium carbonate and 43 mg 
5 of potassium iodide were added by the order stated at room temperature, followed by 3 hours' heating under reflux. The 
reaction liquid was diluted with diethyl ether, washed with water and saturated saline solution by the order stated, and 
dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by 
preparative thin layer chromatography (Kieselgel ™ 60F 25 4, Art 5744 (Merck) chloroform / methanol = 9/1 ) to provide 27 
mg of the title compound as an oily substance. 

w 

1 H -NMR (CDCI 3 , 5ppm) : 1.12-1.88 (16 H, m) , 1.83 (3H , s) , 2.01-2.13 (2H , m) , 2. 68-2.80 (2 H , m) , 2.97-3.10 
(1 H , m) . 3.13 (1H , brs) . 3.62-3.76 (1 H , m) , 5.65-5.72 (1H , m) , 6.32 (1H, d, J = 8 . 5 H z) , 7.23-7. 36 (3H, m) 
,7.59 (2 H , d, J = 7. 3Hz) 

low resolution FAB-MS (m/e, (C24H33F3N2O2 + H) + ): 439. 

15 

Example 6 

N-[1-[(3Z)-4-fluoromethvl-3-pemenyl]piperidin-4-v01-2-cyclopentvl-2-hydroxy-2-phenylacetamide 
20 [0115] 

St ructura I formu I a 



25 




[01 1 6] The title compound was prepared by the procedures similar to steps 2-5 of Example 5, using f luoroacetone. 

1 H - NMR (CDCI 3) Sppm) : 1.04-2.16 (14 H , m) , 1.79 (3H, s) , 2.16-2.28 (2 H, m) , 2. 28-2.40 (2H , m) , 2.66-2.86 
(2H , m) , 2. 94-3.24 (2 H , m) , 3.62-3.78 (1 H,m), 4.86 (2H, d, J = 4 7. 5Hz), 5.34-5.44 (1 H , m) , 6. 36 (1 H , d , 
J = 8. 3H z) , 7.22-7.40 (3H , m) , 7.56-7.64 (2H, m) 
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Example 7 

N-[1-[(3E)-4-fluoromethyl-3-penten^^ 
[0117] 

Structura I formu I a 




Step 1 . Synthesis of (2E)-5-bromo-2-methyl-2-pentenol 

[0118] To a solution of 681 mg of selenium dioxide in 10 ml of dichloromethane, 2.5 ml of t-butyl peroxide was added 
at room temperature, stirred for 30 minutes at said temperature, and further 2.0 g of 5-bromo-2-methyl-2-pentene was 
added, followed by stirring for 2 hours. The reaction mixture was diluted with diethyl ether, washed with aqueous sodium 
thiosulfate solution, 10% aqueous potassium hydroxide solution, and then with brine, and dried over anhydrous mag- 
nesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by silica gel column chroma- 
tography (developing solvent: hexane / ethyl acetate = 20/1 - 4/1) to provide 1 .24 g of the title compound. 

Step 2. Synthesis of (2E)-5-bromo-2-methyl-2-pe ntenyl t-butyklimethylsilyl ether 

[01 19] To a solution of 300 mg of (2E)-5-bromo-2-met hyl-2-pentenol in 1 0 ml of N, N-dimethylformamide, 302 mg of t- 
butyldimethylsilyl chloride and 137 mg of imidazole were added, followed by stirring for an hour at room temperature. 
The reaction liquid was diluted with diethyl ether, washed with water and then with brine, and dried over anhydrous mag- 
nesium sulfate. Distilling the solvent off under reduced pressure, 604 mg of the title compound was obtained. 

Step 3. Synthesis pf N-[1-[ (35)-4-1-frufrldime^ 
phenylacetamide 

[0120] The title compound was prepared by the method similar to step 5 of Example 5, using (2E)-5-bromo-2-methyl- 
2-pentenyl t-butyldimethylsilyl ether. 

Step 4. Synthesis of N-[1-[ (3EV4-fluoromethvl-3-perrtenyf] piperidin-4-yl]-2-cycloperTtyl-2-hydroxv-2-phenylacetamide 

[01 21 ] To a solution of 59 mg of tetrabutylammonium fluoride tri hydrate in 3 ml of tetrahydrofuran, 200 mg of molecular 
sieves 4A, 31 mg of N-[1-[(3E)-4-t-butyldimethylsilyloxyme%^ 

phenylacetamide and 22 mg of p-toluenesulfonyl fluoride were added sequentially, followed by overnight heating under 
reflux at 80°C. After removal of the insoluble material by filtration, the solvent was distilled off under reduced pressure. 
The remaining residue was purified by preparative thin layer chromatography [Kieselgel ™ 60F 25 4, Art 5744 (Merck); 
chloroform / methanol = 20/1], to provide 1 1 mg of the title compound as an oily substance. 

1 H -NMR (CDCI 3 , 5ppm): 1.10-1.76 (10H, m) , 1.70 (3H, s) , 1.76-1.95 (2H, m) , 1. 95-2.42 (6 H , m) , 2.72-2.88 (2H 
, m) , 2. 94-3.24 (2H , m) , 3.62-3.78 (1H , m) , 4.69 (2H , d, J = 4 7. 8Hz) , 5.44-5.54 (1H , m), 6. 37 (1H , d . J = 
8.0 Hz) , 7.22-7.40 (3H, m) . 7.56-7.64 (2H , m) 

low resolution FAB-MS (m/e, (C24H35FN2O2 + H) + ) : 403 
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Exampje_8 

(2R)-N-(1-cvclohepNlmethvtp^ 



5 [0122] 



10 



15 



Structura I f ormu I a 



OH H 




O 



20 [0123] The title compound was prepared by a method similar to the steps 1 and 5 of Example 5, using (2R)-2-[(1 R)- 
3 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetic acid and cycloheptylmethyl methanesurfonate. 

1 H - NMR (CDCI 3> 8ppm): 1.03-2.27 (27 H f m) , 2.63-2.71 (2 H, m) , 3.21-3.33 (1 H, m) , 3.49 (1H , brs) , 3.61-3.72 
(1H , m) . 6 . 23 (1H, d, J = 8. 3Hz), 7.27-7.39 (3H , m). 7.53-7.57 (2H , m) 

25 

low resolution FAB-MS (m/e, ^H^NgC^ + H) + ): 449. 
Ex a m ple 9 

30 (2R)-N-H-f(3EM-fluoromethyl-3-penteny^ 



[0124] 



Structural formula 



35 



40 




O 



45 [0125] The title compound was prepared by a method similar to Example 7, using (2R)-2-[(1R)-3,3-difluoro- 
cyclopentyl]-2-hydroxy-2-phenylacetic acid. 

1 H - NMR (CDCI3, 8ppm): 1.34-1.52 (2H. m) p 1.69 (3H , s) , 1.75-2.31 (12H ,m),2. 31-2.46 (2H , m) , 2.72-2.86 
(2H, m) , 3.24 - 3.38 (1 H , m) , 3.43 (1 H . brs) , 3.62-3.78 (1 H , m) , 4.69 (2H, d. J = 4 7. 8Hz) , 5.42-5. 52 (1 H , m) 
so , 6.34 (1H , d, J = 7.9 Hz) , 7.24-7.42 (3H, m) . 7.52-7.60 (2H , m) 

low resolution FAB-MS (m/e, (C24H33F3N2O2 + H) + ): 439. 



55 
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Example 10 

(2R)-N-n-(6-methvlpyridin-2-^ 
[0126] 

Structural formula 




Step 1. Synthesis of (2R)-N-(piperidin^-y1)-2-[(1R)-3.3-^ 

[0127] The title compound was prepared by a method similar to the step 1 of Example 5, using (2R)-2-[(1 R)-3,3KJif- 
luorocyclopentyl]-2-hydroxy-2-phenylacetic acid. 

Step 2. Synthesis of (2R)-N-[1 -(6-methylpyridin-2-vl-methvl)piperidin>4-yl1-2-[( 1 R)-3.3-dif luorocvclo-pentyH-2-hydroxy- 
2-pheny l qcetamide 

[0128J To a solution of 17 mg of (2R)-N-(piperidin-4-yl)-2-[(1 R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetamide 
in 2 ml of tetrahydrofuran, 3 ul of acetic acid, 12 mg of 6-methylpyridine-2-carbaldehyde and 21 mg of sodium triace- 
toxyborohydride were added sequentially at room temperature, and stirred overnight at the same temperature. The 
reaction mixture was diluted with ethyl acetate, washed with brine and dried over anhydrous magnesium sulfate. Distill- 
ing the solvent off under reduced pressure, the residue was purified by preparative thin layer chromatography (Kiesel- 
gel™ 60F 254 , Art 5744 (Merck) chloroform / methanol = 10/1) to provide 9 mg of the title compound as a solid sub- 
stance. 

1 H-NMR (CDCI3, 5ppm): 1.35-1.50 (2H P m), 1.72-2.23 (10H, m) , 2.53 (3H, s), 2. 70-2.80 (2H. m) , 3.21-3.35 (1H. 
m). 3.59 (2H, s), 3.60-3.78 (1 H, m) , 6.31 (1 H, d, J = 8.5Hz), 7.02 (1 H, t , J = 7.6Hz), 7.18 (1 H, d, J = 7.6Hz) , 7.28- 
7.39 (3H. m), 7. 50 (1H, d, J =7.6Hz), 7.53-7.59 (2H. m) 

Example 1 1 

(2R)-N-n -(3-thienvlmethyl)piperidin-4-vn-2-ff 1 R)-3. 3-dif luorocvclonentvn-2-hvdroxv-2- phenvlacet-amide 
[0129] 

Structural formula 




[01 30] The title compound was prepared by a method similar to the step 2 of Example 1 0 using thiophene-3-akJehyde. 
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1 H-NMR (CDCI3, 6ppm) 1.30-1.50 (2H, m), 1.56-2.30 (10H, m), 2.66-2.82 (2H, m), 3.22-3.37 (1H, m), 3.40 (1H, s), 
3.49 (2H, s), 3.61 -3.78 (1 H, m), 6.25 (1 H, d, J = 8. 2Hz), 7.02 (1 H, dd, J = 1 . 1 Hz, 7.6Hz). 7.06-7. 12 (1 H, m), 7.22- 
7.42 (4H, m), 7. 50-7.60 (2H, m) 

low resolution FAB-MS (m/e, (C23H28F2N2O2S + H) + ) : 435. 
Example 12 

(2R)-N-f 1 -(3-fMrYlmgthY)piperidin-4-yll-2-[(1 R)-3, 3-dif lMQrQCYClon^ntYl-2-hYdroxY-2-ph^nYlacet-amidQ 
[01311 



[0132] The title compound was prepared by a method similar to the step 2 of Example 10, using furan-3 -aldehyde. 

1 H-NMR (CDCI3. 6ppm) : 1.32-1.47 (2H, m), 1.73-2.27 (10H, m) , 2.70-2.78 (2H, m), 3.24- 3.35 (1H, m), 3.33 (2H, 
s). 3.42 (1H, s), 3.62-3.75 (1H, m), 6.26 (1H, d, J = 7.2 Hz), 6.34 (1H, s), 7. 27-7.40 (5H, m), 7.52-7.57(2 H, m) 

low resolution FAB-MS (m/e, (C23H28F2N2O3 + H) + ) : 419. 

Example 13 

(2R)-N-ri-(2-fMryimethyl)piperidin-4yl]-2-r(1R)-3, 3-difluoropyclop^ntyl]-2-hydroxY-2-phenYlacet-qmide 
[0133] 



[0134] The title compound was prepared by a method similar to the step 2 of Example 10, using furan-2-aldehyde. 

1 H-NMR (CDCI3, Sppm): 1.35-1.49 (2H, m), 1. 73-2.25 (10H, m), 2.70-2.80 (2H, m), 3.23-3.35 (1 H, m), 3.48 (1 H, 
s), 3.49 (2H, s) , 3. 61-3.73 (1 H, m) , 6.17 (1 H, d, J = 3.0Hz), 6.27-6.31 (2H, m), 7.27-7.38 (4H, m), 7.52-7.56 (2H, 



Structura I formula 




Structural formula 




m) 



low resolution FAB-MS (m/e, (C23H28F2N2O3 + H) + ): 419. 
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Example 14 

(2R)-N-[1 -(2-pvridylmethyl)piperidin-4>Yl1-2-[(1 R)-3, 3-drf luorocyclonentyl]>2>hydroxy>2>phenylacet-amide 
[0135] 

Structura I f ormu I a 




[01 36] The title compound was prepared by a method similar to the step 2 of Example 1 0, using pyridine-2-aldehyde. 

1 H-NMR (CDCI 3 , 6ppm) 1.39-1.52 (2H, m), 1.75-2.25 (10H, m) , 2.70-2.80 (2H, m), 3.24- 3.36 (1H, m) , 3.58 (1H, 
s), 3.61 (2H, s), 3.67- 3.77 (1 H, m), 6.32 (1H, d. J = 7.8Hz), 7.15 (1H, ddd, J = 1. 2Hz, 4.8Hz), 7.6Hz), 7. 27-7.39 
(4H, m), 7.53- 7. 57 (2H, m), 7.63 (1H, t d, J = 1.8Hz, 7.6Hz) 8. 52 (1H, ddd, J = 1. 2Hz, 1. 8H z, 3.0Hz) low reso- 
lution FAB-MS (m/e, (C24H29F2N3O2 + H) + ) : 430. 

Example 15 

(2R)-N-f 1 -(3-methoxvbenzy0piperidin-4-yl1-2-r(1 R)-3. 3-dif luorocvclopentvn-2-hvdroxv-2-ohenvlacet-amide 
[0137] 

Structura I f ormu I a 




[0138] To a solution of 71 mg of (2R)-N-(piperidin-4-yl)-2-[(1R)-3, 3-dif luorocyclopentyl]-2-hydroxy-2-phenyJ-aceta- 
mide in 2 ml of N, N-dimethylformamide, 74 mg of 3-methoxybenzyl chloride and 80 mg of potassium carbonate were 
added at room temperature, followed by stirring for about 12 hours. The reaction mixture was diluted with diethyl ether, 
washed with water and then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced 
pressure, the residue was purified by preparative thin layer chromatography (Kieselgel ™ 60F 254 , Art 5744 (Merck) chlo- 
roform / methanol = 9/1) to provide 75 mg of the title compound as a white solid. 

1 H-NMR (CDCI3, 6ppm) : 1.32-1.54 (2H, m) , 1. 65-2.30 (10H, m), 2.68-2.85 (2H, m) , 3.21-3.39 (1H, m) , 3.42 (1H, 
s) 3.45 (2H, s), 3.62-3.78 (1H, m), 3.80 (3H, s), 6.27 (1H, d, J = 8. 2Hz), 6.76-6.83 (1H, m), 6.84-6.90 (2H, m), 7.21 
(1H, t, J = 8. 0 Hz) , 7.24-7.40 (3H, m) 7.51-7.59 (2H, m) 
low resolution FAB-MS (m/e, (C26H32F2N2O3 + H) + ) : 459. 
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Example 16 

(2R)-N-(1 -benzylpiperidin-4-yl)-2-[(1 R)-3, 3-drfluorocYclopentyl]-2-hYdroxY-2-phenylace1amide 
s [0139] 

Structura I f ormu I a 



10 




15 



[0140] The title compound was prepared in the same manner as described in Example 15 using benzyl bromide. 

20 

1 H-NMR (CDCI 3 , 8ppm) : 1.35-1.52 (2H, m) , 1.70-2.23 (10H, m) , 2.70-2.81 (2H, m) , 3.22 - 3.34 (1H. m) , 3.41 
(1H, s) 3.48 (2H, s), 3.60-3.80 (1H, m), 6.27 (1H, d, J = 8.0 Hz), 7.24-7.39 (8H, m), 7.54-7.56 (2H, m) 

low resolution FAB-MS (m/e, (C 25 H3oF 2 N 2 0 2 + H) + ) : 429. 

25 

Example 17 

(2R)-N-[1'(3-fluorobenzyl)piper>din-4-yt]-2-[(1R)-3, 3^rflUorocyclopen ty l]-2-h yd ro xY -2- pheny!a cet" arnide 
30 [0141] 

Structura I formul a 



35 




45 [0142] The title compound was prepared in the same manner as described in Example 1 5 using 3-f luorobenzyl chlo- 
ride. 

1 H-NMR (CDCI3, 5pppm) 1 .34-1 .52 (2H, m) , 1.52-2.30 (10H, m), 2.65-2. 80 (2H, m) , 3.22-3.38 (1 H, m) , 3.4 0 (1H, 
S) 3.72 (2H ( s) , 3.60-3.80 (1H, m) , 6.28 (1H, d, J = 7.7Hz), 6.88-6.97 (1H, m), 7.00-7.10 (2H, m) , 7. 20- 7.42 (4H, 
so m), 7.51- 7.60 (2H,m) 

low resolution FAB-MS (m/e. (C 25 H 2 9F 3 N 2 0 2 + H) + ): 447. 
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Example 18 

(2RVN-n-(3-chlorobenzvl)Diperidin-4-vl1-2-f(1R)-3. 3-difluorocvdopentyn-2-rtvdroxV"2-phenylacet-amide 
5 [0143] 

Structura I f ormu I a 



10 



15 



[0144] The title compound was prepared in the same manner as described in Example 15 using 3-chlorobenzyl chlo- 
20 ride. 

1 H-NMR (CDCI 3 , 6ppm) : 1.33-1.50 (2H, m), 1. 60-2.25 (10H, m), 2.67-2.77 (2H, m) , 3.24- 3.38 (1H, m), 3.44 (2H, 
s) 3.63 - 3.76 (1H, m), 6.29 (1H. d, J = 8.0 Hz), 7. 13-7.40 (7H, m) , 7.53-7.57 (2H, m) 

25 low resolution FAB-MS (m/e, (C25H29CIF2N2O2 + H) + ) : 463. 

Ex ample 19 

(2R1-N-H -(2-thienvlmethvflpiperidin-4-vl]-2-[(1 R)-3. 3-drff luorocvclopentyl)-2-hvdroxv-2-phenvlacet-amide 

30 

[0145] 



35 



40 



Structural formula 



45 [0146] The title compound was prepared in the same manner as described in Example 15 using 2-thienylmethyl chlo- 
ride. 

1 H - NMR (CDCI3, 5 ppm) : 1.32-1.50 (2H, m), 1.52-2.30 (10H, m) , 2.70- 2.82 (2H, m) , 3.22-3.36 (1H, m) , 3.41 
(1 H, s) 3.62 - 3.76 (1 H, m) , 3. 68 (2H, s), 6.26 (1 H, d, J= 7.9 Hz) 6.87 (1 H, dd, J = 3.2 Hz, 4.8 Hz) , 6.92 (1 H, d d, 
so J=3.2 Hz, 4.8 Hz) 7. 21 (1 H, dd, J = 1 .5Hz, 4.8Hz), 7.24-7.40 (3H, m), 7.50-7.58 (2H, m) 

low resolution FAB-MS (m/e, (C23H28F2N2O2S + H) + ): 435. 



55 
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Example 20 

(2RVN-f1-(6-aminopyridin-2-vlmethvnDiDeridln>4>vl1-2-f(1RV3. 3-dffluorocvclopentvn-2'hvdroxv-2H3henvlacetamide 
^hydrochloride 

[0147] 

Structura I formula 




•2HC1 



[0148] The compound of Example 20 was prepared by the following methods 1 , 2 and 3. 
M et h od 1 : 

Step 1 . Synthesis of 6~tert-butyldiphenylsilyloxy"methylpyridine-2-carboxvlic acid 

[0149] To a solution of 1 .8 g of ethyl 6-hydroxy-methylpyridine-2-carboxylate in 55 ml of N,N-dimethyl-formamide, 1 .4 
g of imidazole and 3.9 g of tert-butyl-diphenylsilane chloride were added under cooling with ice, sequentially, followed 
by stirring for 12 hours at room temperature. The reaction mixture was diluted with ethyl acetate, washed with saturated 
sodium bicarbonate solution, water and then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent 
off under reduced pressure, the residue was dissolved in 60 ml of methanol. To the solution 7.5 ml of 4N aqueous 
sodium hydroxide solution was added, stirred for 20 hours at room temperature and for further 2 hours at 60°C. Distilling 
the methanol off under reduced pressure, the residue was made acidic with 1N hydrochloric acid. The system was 
extracted with chloroform, washed with water and then brine, and dried over anhydrous magnesium sulfate. Distilling 
the solvent off under reduced pressure, the resulting residue was purified by silica gel column chromatography (devel- 
oping solvent: hexane / ethyl acetate = 4/1) to provide 895 mg of the title compound as a white solid. 

Step 2. Synthesis of 6-tert»butyloxycarbonvlamino-ovridin-2-vlmethyl tert-butvldiphenvlsiyl ether 

[0150] To a solution of 890 mg of the 6-tert-butyldiphenylsilyloxymethylpyridine-2-carboxylic acid as obtained in above 
step 1 in 30 ml of toluene, 0.63 ml of triethylamine, 3.2 ml of tert-butanol and 887 mg of diphenylphosphorylazide were 
added sequentially at room temperature, followed by heating for 16 hours at 100°C under stirring. The reaction mixture 
was diluted with ethyl acetate, washed with saturated aqueous sodium bicarbonate solution, 10% aqueous citric acid 
solution, water and then brine, and dried over anhydrous magnesium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane 
/ ethyl acetate = 4/1) to provide 863 mg of the title compound as an oily substance. 

Step 3. Synthesis of g -t e r t-b M t yl Q xy c ar bonylamino-p yri dine-2-met h a nol 

[0151] The title compound was prepared in the same manner as described in the step 3 of Example 5 using the 6- 
tert-butyloxycarbonylaminopyridin-2-ylmethyl tert-butyldiphenylsilyl ether as obtained in above step 2. 

Step 4. Synthesis pf g-teH'bMtylpxycarbonylamino-pyridin-2-ylm eth yl m e th a n e sulf p n a te 

[0152] To a solution of 61 mg of the 6-tert-butyIoxy-carbonylaminopyridine-2-methanol as obtained in above step 3 in 
2 ml of chloroform, 0.19 ml of triethylamine and 0.032 ml of methanesulfonyl chloride were added under cooling with 
ice, followed by stirring for an hour at the same temperature. The reaction liquid was diluted with ethyl acetate, washed 
with saturated aqueous sodium bicarbonate solution, water and brine by the order stated and dried over anhydrous 
magnesium sulfate. The solvent was removed under reduced pressure to give 124 mg of the title compound as an oil. 
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Step 5. Synthesis of (2R)-N-[1-(6-tert-butvloxvrar-bonvta^ R)-3.3-djf1uorocy- 
clonentyQ-2-hydroxy-2-phenylacetamide 

[0153] The title compound was prepared in the same manner as described in Example 15 using the 6-tert-butyloxy- 
carbonylaminopyridin-2-ylmethyl methanesuKonate as obtained in the step 4 above. 

Step 6. Synthesis of (2R)-N-[1 -(6-aminoDvridin-2>vl-methvl)piperidin-4-yn-2-f(1 R)-3.3-dif luorocycfoneiTtvn-2-hvdroxv-2- 
phenylacetamfle 

[0154] The title compound was obtained as a white solid, upon treating the (2R)-N-[1-(6-tert-butyloxycarbonylami- 
nopyridin-2-ylmethyl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetamide as obtained in 
above step 5 with hydrochloric acid according to usual manner. 

1 H-NMR (CD 3 OD, 6ppm): 1.76-2.14 (10H, m) , 3.20-3.63 (5H, m), 3.85-4.00 (1H, m), 4.44 (2H, s), 7.07-7.34 (2H, 
m) , 7. 25-7.34 (3H, m) , 7.58-7.60 (2H, m), 7. 89-7.94 (1H, m) 
low resolution FAB-MS (m/e^HsoFg^Og + H) + ) : 445. 

Method 2 : 

Step 1. Synthesis of ethyl 6-tert-butvloxycarbonyl-aminopyrdine-2-carboxvlate 

[0155] The title compound was prepared in the same manner described in the step 2 of above method 1, using 6- 
ethoxycarbonylpyridine-2-carboxylic acid. 

Step 2. Synthesis of 6-tert-butyloxycarbonYlamino-pyridine-2-meth^nQl 

[0156] To a solution of 500 mg of calcium chloride in 10 ml of ethanol, 1 50 mg of sodium borohydride was added under 
cooling with ice, followed by stirring for 15 minutes at the same temperature. To the reaction mixture 1 .1 g of the ethyl 
6-tert-butyloxycarbonylamino-pyridine-2-carboxylate as obtained in above step 1 was added and stirred for 13 hours at 
room temperature. The ethanol was distilled off under reduced pressure, and the residue was suspended in chloroform- 
water mixture to be removed of insoluble material. The organic layer was washed with water and then brine and dried 
over anhy-drous magnesium sulfate. Thus 996 mg of the title compound was obtained as a light yellow oil. 

Step 3. Synthesis of 4-tert-butyloxycarbonvlamino-1 -(6-tert-butyloxycarbonylaminopyridin-2-ylmethyl)piperidine 

[01 57] The title compound was prepared by a method similar to the steps 4 to 5 of above production method 1 using 
the 6-tert-butyloxycarbonylaminopyridine-2-methanol as obtained in the above step 2 and 4-tert-butytoxycarbonylami- 
nopiperdine. 

Step 4. Synthesis of r2RVN-f1-(6-aminoDvridin-2-vlmethvl)Diperidin-4-vl1-2-ff1 RV3. 3-difluorocvclo-pentyl 1-2-hydroxy- 
2-phenylacetamide 

[0158] 163 mg of the 4-tert-butyloxycarbonyl-amino-1 -(6-tert-butyloxycarbonylaminopyridin-2-ylmethyl) piperdine as 
obtained in above step 3 was dissolved in 5 ml of 10% HCI-methanol solution, followed by stirring for 13 hours at 40°C. 
Distilling the methanol off under reduced pressure, the remaining residue was suspended in 15 mi of chloroform, to 
which 0.16 ml of triethylamine, 86 mg of (2R)-2-[(1 R)-3, 3-difluorocyclopentyQ-2-hydroxy-2-phenylacetic acid, 114 mg 
of hydroxybenzotriazole and 75 mg of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide were added under cooling with 
ice sequentially, followed by stirring for 1.5 hours at room temperature. The reaction mixture was diluted with diethyl 
ether, washed with saturated aqueous sodium bicarbonate solution and then brine, and dried over anhydrous magne- 
sium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel 
column chromatography (developing solvent: chloroform / methanol = 50/1 to 20/1) to obtain 101 mg of the title com- 
pound as a white solid. 

1 H-NMR (CDCI 3 , 6ppm): 1.35-1.51 (2 H, m), 1.70-2.25 (10H, m) , 2.68-2.80 (2H, m), 3.21-3.35 (1H, m), 3 . 41 (2N, 
s) , 3.52 (1 H, brs), 3.62-3.77 (1 H, m), 4. 40 (2H, brs), 6.28 (1 H, d, J=8. 2Hz), 6. 36 (1 H, d, J = 8.2Hz), 6.6 7 (1 H, d, 
J = 7.3Hz) , 7.27 - 7.40 (4H, m), 7. 53-7.57 (2H, m) 
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Step 5. Synthesis of (2R)>N-[1-(6-aminoDvridin-2-vtmethv»DiDeridin-4-vi1-2-r(1 RV3. 3-difluorocvclo-pentvn-2-hvdroxv- 
2-phenvlacetamide dihvdrochloride 

[0159] The title compound was prepared by treating the (2R)-N-[1 -(6-aminopyridin-2-ylmethyl)piperidin-4-yi]-2-[(1 R)- 
3. 3KJifluorocyclopentyl]-2-hydroxy-2-phenyl-acetamide as obtained in the above step 4 with hydrochloric acid accord- 
ing to the accepted practice. 

Method 3 : 

Step 1. Synthesis of 2 -tert-butvloxvcarbonvlamino-6-methvlpvridine 

[0160] To a solution of 2 g of 6-methyl-2-amino-pyridine in 30 ml of chloroform, 5 g of di-tert-butyl-oxydicarbonate was 
added at room temperature. Then the mixture was heated to 70°C, to which 2.5 g of 4-dimethylaminopyridine was 
added, followed by stirring for 2 hours at the same temperature. After the solvent was distilled off under reduced pres- 
sure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate 
= 20/1) to provide 4.1 g of the title compound as a white solid. 

Step 2. Synthesis of (2R)>N-[1-(6-aminopyridin-2-ylmethyl)piperidin-4-yl] -2-[ ( 1 R)-3, 3-difluorocyclopentyl]- 2-hydroxy-2- 
phenvlacetamide di hydrochloride 

[0161] To a solution of 100 mg of the 2-tert-butyloxycarbonylamino-6-methylpyridine as obtained in above step 1 in 3 
ml of carbon tetrachloride, 90 mg of N-bromosuccinimide and 10 mg of benzoyl peroxide were added sequentially at 
room temperature, followed by heating for 6 hours under reflux with stirring. Filtering the insoluble materials off, the sol- 
vent was distilled off under reduced pressure. The title compound was prepared by a method similar to the step 5 of 
method 1 and the steps 4-5 of the method 2, using the resulting residue and 4-tert-butyioxycarbonylaminopyridine. 



r2RVN-n-f6-amino-4-methoxvpvridin-2-ylmethyn-ptperidin-4-vn-2-rnR)-3 > 3-dffluorocvclonenM-2-hvdroxv-2-phenvla- 
cetamide dihydrochloride 



[0163] The title compound was prepared by a method similar to Example 20, using ethyl 6-hydroxymethyl-4-methox- 
ypyridine-2-carboxylate. 

1 H-NMR (CD 3 OD, Sppm): 1.69-2.21 (10H, m), 3.10-3.70 (5H, m), 3.83-3.97 (1H, m), 3.98 (3H, s). 4.30-4.46 (2H, 
m), 6. 39-6.47 (1 H, m) , 6.74-6. 89 (1 H, m) , 7. 20-7.38 (3H, m) , 7.58 (2H, d, J=6. 9Hz) 

low resolution FAB-MS (m/e, (C25H32F2N4O3 + H) + ) : 475. 



Example 21 



[0162] 



Structura I f ormu I a 
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Example 22 



(2RVN-M -(3-amino-5-methviben2vnpiperidin-4>vn-2-rn R)-3. 3<lifluorocvdooentvl1-2-hvdroxv-2-Dhenvlacetamide dihy- 
drochlpride 



Step 1. Synthesis of N-(tert-butvloxvcarbonvi)-3.5-dimethylaniline 

[0165] To a solution of 1 .2 g of 3, 5-dimethylaniline in a liquid mixture of 20 ml of dioxane and 10 ml of 10% aqueous 
sodium hydroxide solution, 2.7 g of di-tert-butyl-dicarbonate were added, followed by heating for 1 .5 hours at 1 00°C with 
stirring. The reaction mixture as diluted with diethyl ether, washed with water and then brine, and dried over anhydrous 
magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was purified by sil- 
ica gel column chromatography (developing solvent: hexane / ethyl acetate = 9/1) to provide 1.8 g of the title compound 
as an oil. 

Step 2. Synthesis of 3-(tert-butyloxycarbonylamino)'5-methvlbenzvl bromide 

[0166] To a solution of 1 .8 g of the N-(tert-butyl-oxycarbonyl)-3, 5-dimethylaniline as obtained in above step 1 in 20 
ml of carbon tetrachloride, 1 .5 g of N-bromosuccinimide and 53 mg of 2,2' -azobis(isobutyronitrile) were added, followed 
by heating for 3 hours at 100°C under stirring. The reaction mixture was diluted with hexane, filtered and the solvent 
was distilled off under reduced pressure to provide 2.8 g of the title compound as an oil. 

Step 3. Synthesis of (2RVN-M -(3-amino-5-methvl-benzvnpiDeridin-4-vn-2-r( 1 RV3.3-drf luoro cvdopentvll-2-hvdroxv-2- 
phenylacetamide di hydrochloride 

[0167] The title compound was prepared by a method similar to the steps 5-6 of the production method 1 of Example 
20, using the 3-(tert-butyloxycarbonylamino)-5-methylbenzyl bromide as obtained in above step 2. 

1 H-NMR (CD 3 OD, 8ppm): 1.66-2.1 1 (12H, m), 2.99-3.48 (3 H, m), 3.26 (3H, s), 3. 78-3.98 (1H, m) , 4.28 (2H, s) , 
7.18-7.60 (8H,m) 

low resolution FAB-MS (m/e, (C 2 6H33F 2 N 3 0 2 + H) + ) : 458. 



[0164] 



Structural formula 




•2HC1 
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Example 23 

f2R)-N-f1-(3-afninobenzyl)piperidin-4-vn-2-f(1RV3. 3-dffluorocvclonentvn-2'hvdroxy"2>phenylacet-amide 
5 [0168] 

Structura I f ormu la 

15 

Step 1. Synthesis of (2R)-N-[1 -{3-nitrobenzyl)-piperidin-4-vl]-2-f(1 R)-3.3<jif luorocyclopentvll-2-hydroxy-2-phenylaceta- 
20 mide 

[0169] The title compound was prepared by a method similar to Example 15, using 3-nitrobenzyl chloride. 

Step 2. Synthesis of (2R)-N-[1-(3-aminobenzyl)-piperidin-^ 
25 cetamide 

[0170] 6.5 mg of the (2R)-N-[1-(3-nrtrobenzyl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-pheny1a- 
cetamide as obtained in above step 1 was heated to 60°C together with 2 mg of iron powder in aqueous ethanol. After 
adding thereto 1 drop of cone, hydrochloric acid, the heating was continued at 100°C for about 1 hour under stirring. 
30 The reaction mixture was made basic with 4N aqueous sodium hydroxide solution and extracted with chloroform. The 
organic layer was dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure to pro- 
vide 4.8 mg of the title compound as a white solid. 

1 H-NMR (CDCI 3 , 6ppm): 1.30-1.48 (2H, m), 1.50-2.25 (10H, m), 2.68-2.78 (2H, m) , 3.24-3.40 (1H, m) , 3.38 (2H, 
35 s) , 3.43 (1 H, s) , 3.52-3.80 (1 H, m) , 6.26 (1 H, d, J =7.9 Hz), 6.57 (1 H, dd, J=1 .5Hz, 7.8Hz). 6.65 (1 H, d, J=1 .5Hz) 
, 6.66 (1H, d, J= 7. 8Hz) , 7.08 (1H, t, J =7. 8Hz), 7.28-7.39 (3H, m), 7.53-7.57 (2H, m) 

low resolution FAB-MS (m/e, (C 25 H 31 F 2 N 3 0 2 + H) + ): 444. 

40 



45 



50 



55 
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Example 24 

(2R)-N-f 1 -(2-aminobenzyl)piperidin-4-yl1-2-f ( 1 R)-3.3-dif luorocvcloDentvn-2-hvdroxv-2-ohenvlacet-amide dihydrochlo- 
ride 

[01 71] 

Structural f ormu I a 




• 2HCi 



[0172] The title compound (free base) was obtained by a method similar to Example 23, using 2-nitrobenzyl chloride, 
which was treated with hydrochloric acid and to provide the title compound. 

1 H-NMR (CD 3 OD, 6ppm) : 1.50-1. 95 (10H, m) , 2.92-3. 07 (2H, m), 3. 07-3. 20 (1H, m) , 3.24-3. 38 (2H, m), 3. 67- 
3.80 (1H, m), 4.15- 4.27 (2H, m), 7.05- 7.45 (9 H, m) 

low resolution FAB-MS (m/e, (C 25 H 31 F 2 N 3 0 2 + H) + ) : 444. 

Example 25 

(2R1-N-M -(4-aminobenzvl)piperidin-4-vll-2-r( 1 R)-3.3-drf luorocvclODentvn-2-hvdroxv-2-ohenvlacet-amide 
[0173J 

St ructura I f ormu I a 




[0174] The title compound was prepared by a method similar to Example 23, using 4-nitrobenzyl chloride. 

1 N-NMR (CDCI3, 8ppm) : 1.35-1.52 (2H, m) , 1.70-2.23 (10H, m), 2.70-2.82 (2H, m) , 3.23-3.35 (1H, m) , 3.41 (2H, 
s) , 3. 30-3.70 (3H, m) , 3.65-3.75 (1 H, m) , 6.29 (1 H, d. J=7. 4Hz) , 6.63 (2H, d, J=8. 5Hz) , 7.06 (2H t d, J = 8. 5Hz), 
7.28-7.39 (3H, m) , 7.52-7.56 (2H, m) 

low resolution FAB-MS (m/e, (C^Hs^NaOs + H) + ): 444. 
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Example 26 

(2R)-N-n-f4-amino-3-methoxvbenzvltoiDeridin-4-vl1-2"1 (1R) -3.3-dHluQrocycloDentvl1-2-hvdroxv>2'Dhenvfacetamide 
5 [0175] 

Structura I f ormu I a 



10 




[0176] The title compound was prepared by a method similar to Example 23, using 3-methoxy-4-nitrobenzyl chloride. 

20 

1 H -NMR (CDCI 3 , 8ppm) : 1.35-1.60 (2H, m) , 1.70-2.30 (10H, m) , 2.70-2.90 (2H, m), 3.22-3.38 (1H, m) , 3.44 (2H, 
s), 3. 40-3.60 (1H, m) , 3.62-3.85 (3H, m) , 3.85 (3H, s). 6.36 (1H, d, J =7. 9Hz) , 6.60-6. 70 (2H, m) . 6.81 (1H, s), 
7.24-7.40 (3H, m) , 7.51-7.58 (2 H, m) 

25 low resolution FAB-MS (m/e, (C28H33F2N3O3 + H) + ) : 474. 

Example 27 

(2RVN-ri-t3.5<Jiamirx)benzY^ 

30 

[0177] 

Structura I f ormu I a 



40 




45 [0178] The title compound was prepared by a method similar to Example 23. using 3, 5-dinitrobenzyl chloride. 

1 H-NMR (CDCI3, 6ppm) : 1.30-2.20 (12H, m) , 2.70-2.80 (2H, m) , 3.23-3.36 (1H, m) , 3.28 (2H, s) , 3.44 (1H, s) , 
3.60-3.73 (1H, m) , 5.93 (1H, t, J =2.0 Hz) , 6.07 (2H, d, J = 2.0 Hz), 6.23 (1H, d, J=7.5 Hz) , 7. 29-7.40 (3H, m) , 
7.53-7.57 (2H, m) 

50 

low resolution FAB-MS (m/e, (C25H32F2N4O2 + H) + ): 459. 
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Example 28 



(2RVN-rW5-methvtfuran-2-ylmethyl)piperi^^ 



Step 1 . Synthesis of 4- (tert-butvloxycarbonylamino) -1 -(5-methvl-2-furylmethyl)piperidine 

[0180] To a solution of 200 mg of 4-(tert-butyloxy-cartx>nylamino)piperidine in 5 ml of tetrahydrofuran, 0. 1 ml of 5- 
methylfuran-3-aldehyde, 0.06 ml of acetic acid and 318 mg of sodium triacetoxyborohydride were added at room tem- 
perature, followed by stirring for 12 hours. To the reaction mixture, saturated aqueous sodium bicarbonate solution was 
added and the mixture was extracted with ethyl acetate. The organic layer was washed with brine and dried over anhy- 
drous magnesium sulfate. After distilling the solvent off under reduced pressure, the residue was recrystallized from 
ethyl acetate / n-hexane to provide 198 mg of the title compound. 

Step 2. Synthesis of (2R)-N-[1-(5-methyi-2-furyl-methyl)piperidin-4-vn-2-[n R)-3.3<lifluorocyclonentyl]-2-hydroxy'2- 
phenvlacetamide 

[0181 ] To 88 mg of the 4-(tert-butyloxycarbonyl-amino)-1 -(5-methyl-2-furylmethyl)piperidine as obtained in above step 
1 , 2 ml of 10% hydrogenchloride solution in methanol was added at room temperature, followed by stirring for about 12 
hours. The solvent was distilled off under reduced pressure, and to a solution of the resultant residue in 4 ml of chloro- 
form, 59 mg of (2R)«2-1(1 R)-3,3-difluorocyclopentyl]-2-hydroxy-2-phenyl-acetic acid, 93 mg of hydroxybenzotriazole, 0. 
2 ml of triethylamine and 66 mg of 1 -ethyl-3-(3-dimethylaminopropyl)carbodimide were added sequentially at room tem- 
perature, followed by stirring for 2 hours. After addition of water, the reaction mixture was extracted with chloroform. The 
organic layer was washed with brine and dried over anhydrous magnesium sulfate. Distilling the solvent off under 
reduced pressure, the residue was purified by silica gel column chromatography (developing solvent: chloroform / meth- 
anol = 50/1) to provide 63 mg of the title compound as a white solid. 

1 H-NMR (CDCI 3 , 6ppm) : 1.35-1.54 (2H, m) , 1.60-2.25 (10H, m) , 2.27 (3H, s), 2. 71-2.86 (2H, m) , 3.22-3.36 (1H. 
m) , 3.40 (1H, s) . 3.45 (2H, s) , 3.60-3.76 (1H, m) , 5.85-5.90 (1H, m) , 6.05 (1H, d, J = 3. 0 Hz) , 6.25 (1H, d, J = 
7.9 Hz) , 7.26-7.40 (3H, m), 7.50-7.56 (2H, m) 

low resolution FAB-MS (m/e, (C24H30F2N2O3 + H) + ) : 433. 



[0179] 



Structura I f ormu I a 
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Example 29 

(2RVN-ri-(3-methvlb^^ 
5 [0182] 

Structura I f ormu I a 



10 




20 Step 1 . Synthesis of 4- (tert-butyloxycarbonvlamino) -1-(3-methvlbenzyl)piperidine 

[0183] The title compound was prepared by a method similar to Example 15, using 4-(tert-buty!oxycarbonyl- 
amino)piperidine and 3-methylbenzyl bromide. 

25 Step 2. Synthesis of (2R)-N-ri-(3-methvlbenzvl)j3iperidin^^ 
cetamide 

[0184] The title compound was prepared by a method similar to Example 28, using the 4-(tert-butyloxycarbo- 
nylamino)-1-(3-methylbenzyl)piperidine as obtained in above step 1. 

30 

1 H-NMR (CDCI 3 , Sppm) : 1.24-1.50 (2H, m) , 1.50-2.25 (10H, m) , 2.33 (3H, s) , 2. 60-2.82 (2H, m) , 3.20-3.55 (3H, 
m) , 3.42 (2H, s) , 6.25 (1H, d. J = 8. 1Hz) , 7.00-7. 14 (3H, m) , 7.19 (1H, t. J = 7. 6Hz) , 7.23-7.42 (3H, m) , 7.50- 
7.60 (2H, m) 

35 low resolution FAB-MS (m/e, (C26H32F2N2O2 + H) + ): 443. 
Example 30 

(2R)-N-[1-(4-methoxybenzyl)piperidin-4-y^ 

40 

[0185] 

Structura I formu I a 



45 



50 




55 [0186] The title compound was prepared by a method similar to the step 2 of Example 1 0, using p-anisal-dehyde. 

1 H-NMR (CDCI3, 5ppm) : 1.32-1 .47 (2H, m) , 1.75-2.23 (10H, m) , 2.65-2.76 (2H, m) , 3.22-3.36 (1H, m) , 3.42 (2H, 
s) , 3.46 (1H, s) , 3.63-3.76 (1H, m) , 3.79 (3H, s) , 6.27 (1H, d, J=8. 2Hz) , 6.84 (2H, d, J=8. 6 Hz) , 7.19 (2 H, d, J 
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= 8. 6 Hz). 7.28-7.39 (3H ( m) . 7.52-7.56 (2H m) 

low resolution FAB-MS (m/e. (C2 8 H3 2 F 2 N 2 03 + H) + ) : 459. 

Example 31 

(2R)-N-f1 -(3-Qmino-$-m^thoxYbenzyl)pineridin-4-Yl1-2-r (JR) -3, 3<lrf luQrocyclQnentYl1-2-hYdrQXY-2-phfinYlapetami<je 
dihvdrochloride 

[0187] 

Structura I formu I a 




• 2HC1 



Step 1. Synthesis of methvl 3-tert-b utoxycarbonylamino-5-methoxybenzoate 

[0188] To a solution of 864 mg of methyl 3-methoxy-5-nitrobenzoate in 1 5 ml of methanol, 1 .0 g of di-tert-butyWicar- 
bonate and 912 mg of 10% palladium-on-carbon were added, followed by stirring for 7 hours at room temperature in a 
hydrogen atmosphere. The reaction liquid was filtered through Celite. Distilling the solvent off under reduced pressure, 
1 .28 g of the title compound was obtained as a white solid. 

Step 2. Synthesis of 3-tert-butoxycarbonylamino-5-methQxybenzyl alcohol 

[0189] To a solution of 1 .28 g of the methyl 3-tert-butoxycarbonylamino-5-methoxybenzoate as obtained in above step 

1 in 8 ml of toluene, 12.1 ml of 1 .0 M solution of diisobutylaluminum hydride in tetrahydrofuran was added at -78°C, fol- 
lowed by stirring for an hour at the same temperature. The reaction mixture was diluted with ethyl acetate, washed with 
water and then brine and dried over anhydrous magnesium sulfate. After distilling the solvent off under reduced pres- 
sure, the result-ing residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl ace- 
tate = 7/3) to provide 262 mg of the title compound as an oil. 

Step 3. Synthesis of 3-tert-butoxycarbonylamino-5-methoxvbenzalehvde 

[0190] To a solution of 194 mg of the 3-tert-butoxy-carbonylamino-5-methoxybensyl alcohol as obtained in above step 

2 in 1 0 ml of chloroform, 1 .89 g of manganese dioxide was added at room temperature, followed by stirring for 2 hours. 
The reaction mixture was filtered through Celite. Distilling the solvent off under reduced pressure, 132 mg of the title 
compound was obtained as an oily substance. 

Step 4. Synthesis of (2R)-N-[1-(3-aminQ-5-meto^ 
phenylacetamide ^hydrochloride 

[0191] The title compound was prepared by a method similar to the step 2 of Example 10 and the step 6 of method 1 
of Example 20, using the 3-tert-butoxycarbonyl-amino-5-methoxybenzaldehyde as obtained in above step 3. 

1 H-NMR (CD 3 OD, 8ppm): 1.74-2.14 (1 0H, m) , 3.00-3.15 (2H, m) , 3.27-3.52 (3H, m) , 3.82-3.92 (1H, m) , 3.89 (3H, 
s) 4.32 (2H, s) , 7.01 (1H, s) . 7.18-7.35 (5H, m) , 7.56-7.60 (2H, m) 

low resolution FAB-MS (m/e, (CseHaaF^Oa + H) + ) : 474. 
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Example 32 

(2R)-N-rH4-amino-34luorobenzv 
5 [0192] 

Structura I f ormu I a 



10 




[0193J The title compound was prepared by a method similar to Example 22, using 3-fluoro-4-aminotoluene. 

20 

1 H-NMR (CDCI 3 , 6ppm): 1.28-1.50 (2H, m) , 1.50-2.32 (10H, m) , 2.60-2.80 (2H, m) , 3.20-3.38 (1H, m) , 3.33 (2H, 
S) . 3.45 (1H, s) , 3.55-376 (3H, m) , 6.25 (1H, d, J = 8.2 Hz), 6.69 (1H, d d. J = 8.1, 8.9 Hz) , 6. 82 (1 H, dd. J = 1.6, 
8.1 Hz) , 6.93 (1H, dd, J = 1.6, 12.0 Hz) , 7.24-7.40 (3H, m), 7.50-7.58 (2H, m) 

25 low resolution FAB-MS (m/e, (C25H30F3N3O2 + H) + ): 462. 

Example 33 

(2RVN-ri-(6-amino-4-methvbvrid^^ 

30 

[0194] 

Structura I formu I a 



40 




45 

Step 1. Synthesis of 6-chloromethyl-4-methyl-2-acetvl-aminopvridine 

[0195] To a solution of 23 mg of 6-acetylamino-4-methylpyridine-2-methanol in 2 ml of chloroform, 0.05 ml of thionyl 
chloride was added at room temperature, followed by heating for 15 minutes with stirring under reflux. Distilling the sol- 
50 vent off under reduced pressure, the title compound was obtained. 

Step 2. Synthesis of (2R)-N-ri-(6-acetvlamino-4-methd^ 
hvdroxv-2-ohenvlacetamide 

55 [0196] The title compound was prepared by a method similar to Example 15, using the 6-chloromethyl-4-methyl-2- 
acetylaminopyridine as obtained in above step 1 . 
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Step 3. Synthesis of (2 R)-N-[1-(6-amin o-4>methyt-pYridin-2-yl)piperidin-4-Yn-2-K1 Rl-S^-difluorocyclo-pentyll^- 
hydroxY-2-phenylacetamide 

[0197] To a solution of 16.5 mg of the (2R)-N-[1-(6-acetylamino-4-methylpyridin-2-yl)piperidin-4-y(]-2-[(1 R)-3,3-d'rf- 
5 luorocyclopentyl]-2-hydroxy-2-phenylacet-amide as obtained in above step 2 in 1 ml of methanol, 0.5 ml of 3M aqueous 
sodium hydroxide solution was added, and stirred for 1.5 hours at 60°C. The reaction liquid was diluted with diethyl 
ether, washed with water and brine by the order stated and dried over anhydrous magnesium sulfate. Distilling the sol- 
vent off under reduced pressure, the resulting residue was purified by preparative thin-layer chromatography [Kieselgel 
™ 60^254' Art 5744 (Merck); chloroform / methanol = 10/1) to provide 1 4 mg of the title compound as an oily substance. 

10 

1 H-NMR (CDCI 3 . 6ppm): 1.30-1.50 (2H, m) , 1.71-2.30 (10H, m) , 2.33 (3H, s) , 2. 62-2.76 (2H, m) , 3.21-3.38 (1H, 
m) , 3.29 (2H, s) , 3.60-3.78 (1H, m) , 4.35-4.51 (2H, m) , 6.26 (1H, s), 6.35 (1H, d. J = 8. 1Hz) , 6.45 (1H, s) , 7.25- 
7.40 (3H, m) , 7. 52-7.60 (2H, m) 
low resolution FAB-MS (m/e, (C25H32F2N4O2 + H) + ) 459. 

75 

Example 34 

(2R)-N-[1 -(3-amino-4-f luorobenzyl)piperidin-4-yl]-2-[(1 R) -3,3-dif luorocyclopentyll-2-hydroxy-2-phenylacetamide dihy- 
drochloride 

20 

[0198] 

Structura I formula 



30 




35 [0199] The title compound was prepared by a method similar to Example 22, using 2-fluoro-5-methylaniline. 

1 N-NMR (CD3OD, Sppm) : 1.68-2.11 (10 H, m) , 3.00-3.50 (5H, m), 3.79-3.90 (1H, m) , 4.32 (2H, s) , 7.18-7.30 (3H, 
m). 7.43 (1H, d. J = 8.4Hz) , 7.52-7.56 (2H, m) , 7. 57-7.65 (1H, m) , 7.73-7.78 (1H, m) 

40 low resolution FAB-MS (m/e, (C25H30F3N3O2 + H) + ) : 462. 
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Example 35 

(2RVN-ri-(5-amino-2-fluor^^ 
s [0200] 



Structura I f ormu I a 



10 




[0201] The title compound was prepared by a method similar to the step 2 of Example 22 and Example 23, using 2- 
20 fluoro-5-nitrotoluene. 

1 N-NMR (CDCI 3 , 6ppm) : 1 .36-1 .49 (2H, m) , 1 .57-2.26 (10H, m) , 2.71 -2.78 (2H, m) , 3.24-3.36 (1 H, m) , 3.42-3.57 
(5H, m) , 3.66-3.75 (1 H, m) , 6.24 (1 H, d, J = 8. 1 Hz), 6.51 -6.56 (1 H, m) , 6.65-6.68 (1 H, m) , 6.82 (1 H, t, J = 9.0Hz) 
, 7.29-7.40 (3H, m) , 7.53-7.57 (2H, m) 

25 

low resolution FAB-MS (m/e, (CgsHsoFaNaOg + H) + ) : 462. 

Ex a m p le 36 

30 (2R)-N-f1-(2-amino-4-chioropYridin-^ 
cetqmide 

[0202] 

35 Structural formula 



40 




[0203] The title compound was prepared by a method similar to method 2 of Example 20, using methyl 4-chloro-6- 
hydroxymethylpyridine-2-carboxylate. 

50 

1 H-NMR (CDCI3, 6ppm) : 1.42-1.54 (2H, m) , 1.78-2.26 (10H, m) , 2.76-2.79 (2H, m) , 3.28-3.38 (1H, m) , 3.42-3.47 
(3H, m) ,3.67-3.75 (1H, m) , 4.53-4.56 (2H, m) , 6.36 (1H, d, J=7.2Hz) , 6.38 (1H, d, J = 1.6Hz), 6.72 (1H, d, J = 
1.6Hz),7.25-7. 39 (3H, m) , 7.53-7.57 (2H, m) 
low resolution FAB-MS (m/e, (C 2 4H 29 CIF 2 N 4 02 + H) + ) : 479. 
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Example 37 

(2RVN41-(3-amino-5-chlofobe^^ 
5 [0204] 

Str uctura I f ormu I a 



10 




20 Step 1 . Synthesis of 3-chloro-5-nitrobenzyl methanesul-fonate 

[0205] To a solution of 92 mg of 3-crtloro-5-nitro-benzyl alcohol in 3 ml of chloroform, 0.3 ml of tri-ethylamrne and 0.1 
ml of methanesulfonyl chloride were added at room temperature, followed by stirring for 40 minutes, addition of satu- 
rated aqueous sodium bicarbonate solution and further stirring for 30 minutes. The reaction mixture was diluted with 
25 diethyl ether, washed with saturated aqueous sodium bicarbonate solution and then brine and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, 1 19 mg of the title compound was obtained as an 
oil. 

Step 2. Synthesis (2RVN41-(3-a mino-5-chloro-benz^ 
30 phenylacetamide 

[0206] The title compound was obtained by a method similar to Example 23, using the 3-chloro-5-nitrobenzyl meth- 
anesulfonate as obtained in above step 1. 

35 1 H-NMR (CDCI 3 , Sppm): 1.30-1.44 (2H, m) , 1.73-2.22 (10H, m) , 2.68-2.73 (2H, m) , 3.24-3.36 (1H, m) , 3.32 (2H, 
s) . 3.44 (1H, brs) , 3.61-3.77 (3H, m) 6.28 (1H, d, J=8.4Hz) , 6.49 (1H, d, J = 1.9Hz) , 6.55 (1H, dd, J=1.7, 1.9Hz) 
, 6.66 (1H, d, J=1. 7Hz) , 7.29-7.39 (3H, m) , 7.53-7.56 (2H, m) 
low resolution FAB-MS (m/e, (C^sH^CIF^C^ + H) + ): 459. 

40 Examp le 38 

(2RVN-M-(4-amino-3.5-difluorcfoenzvnpto^^ 

[0207] 

45 

Structura I f ormu I a 



50 




55 

[0208] The title compound was prepared by a method similar to the step 2 of Example 10, using 4-amtno-3.5-difluor- 
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obenzaldehyde. 

1 H-NMR (CDCI3, 5ppm) : 1.24-2.22 (12H, m) , 2.66-2.72 (2H, m) , 3.27-3.41 (4H, m) , 3.66-3.71 (3H, m) , 6.28 (1H, 
d, J = 7. 8Hz) , 6.77 (2H, d, J = 8.3Hz) , 7.28-7.39 (3H, m) , 7.54-7.56 (2H, m) 

5 

low resolution FAB-MS (m/e, (C25H29F4N3O2 + H) + ) : 480. 
Example 39 

10 rem-N-f 1 -foenzimidazol-S-vlmethvl) piDeridin-4-vl1-2-K1 RV3.3-dtf luorocvclopentvll-2-hvdroxv-2-phenvlacetamide 
[0209] 

Structura I f ormu I a 



20 




[0210] The title compound was prepared by a method similar to the step 2 of Example 10, using benzimidazole-5- 
carbaldehyde. 

30 1 H-NMR (CD3OD, 6ppm) : 1.45-2.25 (10H, m) . 2.25-2.48 (2H, m) , 2.90-3.10 (2 H, m) , 3.20-3.42 (1H, m) , 3.56- 
3.75 (1H, m) , 3.82 (2H, s) , 7.18-7.40 (4H, m) , 7. 51-7.75 (4H, m) , 8.17 (1H P s) 

low resolution FAB-MS (m/e, (C28H30F2N4O2 + H) + ): 469. 

3s Example 4Q 

f2RVN-f1-(6-aminopyridin-2-ylmethyPpiperidin-4-vl1-2-(3.3-difluorocyclobutyl)-2-hydroxy-2^ 
[0211] 

40 

Structura I formu la 



45 




[0212] The title compound was prepared by a method similar to the step 4 of method 2 of Example 20, using (2R)- 
55 (3,3-dif luorocyclobutyl)-2-hydroxyphenylacetic acid and 4-amino-1 -(6-aminopyridin-2-ylmethyl)piperidine trihydrochlo- 
ride. 

1 H -NMR (CDCI3, 6ppm) : 1.20-1.52 (2H, m) , 1.60-1.86 (2H ( m) , 2.08-2.22 (2H, m) , 2.40-2.82 (6H, m) , 307-3.21 
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(1H, m) , 3.41 (2H s) , 3.60-3.80 (1H, m) , 3.84 (1H, brs), 4.40 (2H, brs) , 6.01 (1H, d, J = 8.1Hz) , 6.36 (1H, d. 
J=8.2Hz) , 6.66 (1H, d, J=8.2Hz) , 7.28-7.42 (4H, m) , 7.43-7. 50 (2H, m) 

low resolution FAB-MS (m/e, (C23H28F2N4O2 + H) + ) : 431 . 

5 

Example 41 

(2R)-N-[1-(6-aminopyrifl^ 
10 [0213] 



St ructura I f ormu I a 



15 




25 [0214] The title compound was prepared by a method similar to the step 4 of method 2 of Example 20, using (2R)- 
(4,4-difluorocyclohexyl)-2-hydroxyphenylacetic acid and 4-amino-1-(6-aminopyridin-2-ylmethyl)piperidine ^hydrochlo- 
ride. 

1 N-NMR (CDCI3, Sppm) : 1.20-1.97 (10H, m) , 1.97-2.22 (4H, m) , 2.44-2.68 (1H, m) , 2.70-2.92 (3H, m) , 3.42 (2H, 
30 s) . 3. 62-3.80 (1H, m) , 4.42 (2 H, brs) , 6.36 (1H, d, J=8.2Hz) , 6.62 (1H, d, J=7.9Hz) , 6.67 (1H, d, J = 8.2Hz) , 
7.24-7.42 (4H, m) , 7.55-7.62 (2H, m) 
low resolution FAB-MS (m/e, (C^Hs^NUOg + H) + ): 459. 

Example 42 

35 

(2R)-N-ri-(6-aminopvridin-2-vlme^ 
cetamide 

[0215] 

40 

Structura I f ormu I a 



45 




50 



55 [021 6] The title compound was prepared by a method similar to the method 1 of Example 20, using (2R)-(3,3-dif luor- 
ocyclopentyl)-2-(4-fluorophenyl)-2-hydroxyacetic acid. 

1 N-NMR (CDCI3, 6ppm) : 1.39-1.55 (2H, m) , 1.70-2.22 (10H, m) , 2.73-2.81 (2 H, m) , 3.23-3.36 (1H, m) , 3.43 (2H, 
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s) , 3. 65-3.77 (1H, m) , 4.43 (2H, brs). 6.31 (1H, d, J=7.6Hz) , 6.37 (1H, d. J=8.2Hz), 6.67 ( 1H, d, J=7.4Hz), 7.01- 
7.08 (2H, m) , 7.37 (1H, d d, J =7.4, 8.2Hz) , 7.51-7. 58 (2H, m) 

low resolution FAB-MS (m/e, (C24H29F3N4O2 + H) + ) : 463. 

5 

Referential Example 1 

(2R) -f(1 R)-3-oxpcYClopentYn-2-hY^roxY-2-phenYlac^tiQ acid 

10 Step 1. Synthesis of (2R 5R)-2-(Hxrtyl)-5-[(1R)^ and (2 R, 5R )-2 -(t- but yl)- 

5-[(1 S)-3-QxocyclQpentyl]-5-pheny|-1 ,3-dioxolan-4^ne 

[021 7] To a mixture of 51 0 mg of (2R,5R)-2-(t-butyl)-5-phenyl-1 ,3-dioxolan-4-one which had been synthesized by the 
method of D. Seebach, et al. [Tetrahedron . Vol. 40, pp. 1313-1324 (1984)] in 20 ml of tetrahydrofuran and 1 ml of hex- 

15 amethylphosphoric triamide, 1 .7 ml of 1 .5M lithium diisopropylamide solution in hexane was added dropwise at -78°C, 
followed by stirring for 30 minutes. Then a solution of 285 mg of cyclopentenone in 1 .5 ml of tetrahydrofuran was added, 
and the reaction mixture was stirred for 1 .5 hours. The reaction mixture was diluted with ethyl acetate, washed with sat- 
urated aqueous ammonium chloride solution, water and then brine, and dried over anhydrous magnesium sulfate. Dis- 
tilling the solvent off under reduced pressure, resulting residue was purified by medium pressure silica gel column 

20 chromatography (developing solvent: hexane / ethyl acetate = 15/1 - 10/1). Thus 150 mg and 254 mg, respectively, of 
the title compounds were obtained as oil. Configuration of each of the compounds was determined from NOE of NMR. 

Step 2. Synthesis Qf (2R)-[(1 R)-3-Oxocydonentyl]-2-hydrc)xy-2-phenylacetiC acid 

25 [0218] To a solution of 61 mg of (2R, 5R)-2-(t*butyi)-5-[(1 R)-3-oxocyclopentyl]-5-phenyl-1 ,3-dioxolan-4-one in 3 ml of 
methanol, 1 ml of 1 N aqueous sodium hydroxide solution was added, followed by stirring for 3 hours at room tempera- 
ture. Distilling the methanol off under reduced pressure, the residue was diluted with water and washed with diethyl 
ether. The aqueous layer was made acidic with 1 N hydrochloric acid and extracted with diethyl ether. The organic layer 
was dried over anhydrous magnesium sulfate to provide 48 mg of the title compound. 

30 

Referential Example 2 

(2R) zICLS) -3-oxocyclopentYn-2-hydrQxy-2-phenylac9tfc acid 

35 [0219] The title compound was prepared by a method similar to the step 2 of Referential Example 1 , using (2R.5R)- 
2-(t-butyl)-5-[(1 S)-3-oxocyclopentyl]-5-phenyl-1 ,3-dioxolan-4-one. 

Referential Example 3 

40 (2RH (1 R)-3,3-dif luprocyciopentyll-g-hydrpxy-g-phenylacgtic acid 

Step 1 . Synthesis of (2R,5R)-2-(t-butyl)-5-[(1 R)-3,3-difluorocYClopentYn-$-phQnYl-1 ,3-dioxolan-4-one To a solution of 
256 mg of (2R,5R)-2-(t- 

45 [0220] butyl)-5-[(1 R)-3-oxocycloperrtyl]-5-phenyl-1 ,3-dioxolan-4-one in 3 ml of chloroform, 0.34 ml of diethylamino- 
sulfur trif luoride was added under cooling with ice, followed by stirring for 20 hours at room temperature. The reaction 
mixture was diluted with diethyl ether, washed with water and then brine, and dried over anhydrous magnesium sulfate. 
Distilling the solvent off under reduced pressure, resulting residue was purified by silica gel column chromatography 
(developing solvent: hexane / ethyl acetate = 20/1) to provide 1 1 5 mg of the title compound. 

50 

Step 2. Synthesis of (2R)-[(1 R)-3.3-dffluorocyclo-pentyQ-2-hydroxv-2-phenylacetic acid 

[0221] The title compound was prepared by a method similar to the step 2 of Referential Example 1 , using (2R, 5R)- 
2-(t-butyl)-5-[(1 R)-3,3-drf luorocyclopentyl]-5-pheny 1 -1 ,3-dioxolan-4-one. 

55 
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Referential Example 4 

(2R)-[(1S)-3.3-difluorocvdopentvn-2-hvdroxy-2-phenylacetic acid 

5 [0222] The title compound was prepared by a method similar to Referential Example 3, using (2R,5R)-2-(t-butyl)-5- 
[(1 S)-3-oxocyclopentyQ-5-phenyl-1 ,3-dioxolan-4-one. 

Referential Example 5 

w (2R)-[(iS)-3-WrpxycyclQnentyn-2-hydrpx y-g >phen yla ce tic aci d 

Step 1. Synthesis qf (2R,$R)-2-(t-butyl)-5-f(1 S)-3-hydrQxycyclppQntyl]-5-ph^nyl-1 ,3-diQXQlan-4-Qne 

[0223] To a solution of 1 69 mg of (2R 5R)-2-(t-butyl)-5-[(1 S)-3-oxocyclopentyI]-5-phenyl-1 ,3<Jioxolan-4-one in 2 ml of 
75 methanol, 71 mg of sodium borohydride was added under cooling with ice, followed by stirring for 30 minutes at the 
same temperature. The reaction mixture was diluted with diethyl ether, washed with water and then brine, and dried 
over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 1 57 mg of the title compound was 
obtained as a colorless oil. 

20 Step 2. Synthesis of (2R)-[(1S)-3-hydroxycyclo-pentyl1-2-hydroxy-2-phenylacetic acid 

[0224] The title compound was prepared by a method similar to the step 2 of Referential Example 1 , using (2R.5R)- 
2-(t-butyl)-5-[(1S)-3-hydroxycyclopentyG-5-phenyl-1,3-dioxolan-4-one. Referential Example 6 

25 (2R) -fnRV3-hvdroxvcvclopentyn-2-hydroxv-2'phenvlacetic acid 

[0225] The title compound was prepared by a method similar to Referential Example 5, using (2R,5R)-2-(t-butyl)-5- 
[(1 R)-3-oxocyclopentyl]-5-phenyl-1 ,3-dioxolan-4-one. 

30 Referential Example 7 

(2R)-fnS)-3-fluorocvclopentvn-2-hvdroxv-2-phenvlacetic acid 

[0226] The title compound was prepared by a method similar to Referential Example 3, using (2R)-[(1 S)-3-hydroxy- 
35 cyclopentyl]-2-hydroxy-2-phenylacetic acid. Referential Example 8 

(2R)-[(1 R)-3-f luorocyclopentyl]>2-hydroxy-2'phenylacetic acid 

[0227] The title compound was prepared by a method similar to Referential Example 3, using (2R)-[(1 R)-3-hydroxy- 
40 cyclopentyl]-2-hydroxy-2-phenylacetic acid. Referential Example 9 

2-cyclopentyl-2-hvdrQxy-2-phenylacetic acid 

[0228] To a solution of 23. 5 g of ethyl phenylgly-oxylate in 200 ml of tetrahydrofuran, 70 ml of 2.0 M cyclopentylmag- 
45 nesium chloride solution in diethyl ether was added dropwise under cooling with ice, followed by stirring for 30 minutes 
at the same temperature. The reaction mixture was diluted with ethyl acetate, washed with saturated aqueous ammo- 
nium chloride solution and brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced 
pressure, the residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 
30/1 - 20/1) to provide 1 1 g of ethyl 2-cyclopentyl-2-hydroxy-2-phenylacetate, which was dissolved in 40 ml of methanol. 
50 To the solution 20 ml of 4N aqueous sodium hydroxide solution was added at room temperature, followed by stirring for 
2 hours at the same temperature and further for 1 hour at 50°C. Distilling the methanol off under reduced pressure, the 
aqueous layer was made weakly acidic with 4N hydrochloric acid and extracted with ethyl acetate. The organic layer 
was washed with water and then brine and dried over anhydrous magnesium sulfate. Distilling the solvent off under 
reduced pressure, the residue was washed with 1 : 1 mixture of diethyl ether and hexane. Thus, 8.7 g of the title com- 
55 pound was obtained. Referential Example 10 
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(2R)-f(1 R)-3.3<lifluorocvclope ntyn-2-hvdroxv-2-Dhenvlacetic acid 

Step 1. Synthesis of (2R.5RV2-ft-butvn-5-K1S.2R. 5R. 6SJm-3-oxotricvclor5.2.1.0^ 1dec-8-en-5-vn-5-Dhenvl-1.3- 

dioxpi an-4'Qne 

5 

[0229] To a solution of 32 g of (2R,5R)-2-(t-butyl) - 5-phenyM , 3-dioxolan-4-one in 1 . 1 1 of tetrahydrof uran, 1 05 ml of 
1.5M lithium diisopropylamide solution in hexane was added dropwise at -78°C, followed by stirring for 30 minutes, 
addition of 23.4 g of (1S, 2R, 6S, 7R)-tricyclo[5.2.1.0 2 ' 6 ]dec-4,8-dien-3-one as dissolved in 300 ml of tetrahydrofuran, 
and further stirring for 1.5 hours. The reaction mixture was diluted with ethyl acetate, washed with saturated aqueous 
10 ammonium chloride solution, water and then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent 
off under reduced pressure, the residue was recrystallized from hexane-ethyl acetate. Thus 36.9 g of the title compound 
was obtained as a white solid. 

Step 2. Synthesis of (2R,5R)-2-(t-butyi)-5-[(1 S)-4-QXQ^-cyclQpentenyl]-5-phenyM .3-diPXQlan-4-Qne 

15 

[0230] A solution of 25.6 g of the (2R,5R)-2-(t-butyl)-5-[(1 S, 2R, 5R, 6S, 7R)-3-oxo-8-tricyclo[5. 2. 1 .0 2 - 6 ] dec-8-en-5- 
yl]-5-phenyl-1 ,3-dioxolan-4-one as obtained in above step 1 in 350 ml of 1 ,2<Jich!orobenzene was heated at 1 75°C for 
7 hours with stirring, under nitrogen atmosphere. Thus precipitated solid was recovered by filtration and washed with 
hexane to provide 14 g of the title compound as a white solid. 

20 

Step 3. Synthesis of (2R l 5R)-2-(t-butyl)-5>[(1R)-3-oxocyclopentyll-5-phenyl-1 l 3-dioxolan-4-one 

[0231] To a solution of 19.1 g of the (2R,5R)-2-(t-butyl)-5-[(1S)-4-oxo-2-cyclopentenyl]-5-phenyl-1 , 3-dioxolan-4-one 
as obtained in above step 2 in 700 ml of ethyl acetate, 2.0 g of 10% palladium-on-carbon was added, followed by stirring 
25 for 2 hours at ordinary temperature under hydrogen atmosphere. Filtering the catalyst off then distilling the solvent off 
under reduced pressure, the residue was recrystallized from hexane-ethyl acetate to provide 14 g of the title compound 
as a white solid. 

Step 4. Synthesis of (2R)-[(1 RV3.3-difluorocvclo-perTtyll"2-hydroxv»2'Phenvlacetic acid 

30 

[0232] The title compound was prepared by a method similar to Referential Example 3, using the (2R,5R)-2-(t-butyl)- 
5-[(1 R)-3-oxocydopentyl]-5-phenyM ,3-dioxolan-4-one as obtained in above step 3. 

Referential Example 1 1 

35 

(2R)>(3,3-difluorocyclopQntyl)-2-(4-fluorophenyl)-2-hydroxYacetic acid 

[0233] The title compound was prepared by a method similar to the step 1 of Referential Example 1 and Referential 
Example 3, using (R)-4-fluoromandelic acid. Referential Example 12 

40 

(2R)-(3.3<lifluorocvclobutyl)-2-hydroxy-2-phenylacetic acid 

Step 1. Synthesis of (2R.5R)-2-(t-butvlV5-(3-benzyl-oxv-1 -hvdroxvcvdobutvn-5-phenvl-1 .3-dioxolan-4-one 

45 [0234] The title compound was prepared by a method similar to the step 1 of Referential Example 1 , using 3-benzy- 
loxycyclobutanone. 

Step 2. Synthesis of (2R.5RV2-(t-butvl)-5-f3-benzvloxvcvclobutvlV5-phenvM .3-dioxolan-4-one 

so [0235] To a solution of 2.82 g of the (2R,5R)-2-(t-butyl)-5-(3-benzyloxy-1 -hydroxycyclobutyl)-5-phenyl-1 ,3-dioxolan-4- 
one as obtained in above step 1 in 80 ml of chloroform, 2.6 g of 4-dimethylaminopyridine was added under cooling with 
ice, followed by stirring for an hour at the same temperature. To the reaction mixture, 1 ml of methyl chloroglyoxylate 
was added, followed by stirring for an hour. The reaction mixture was diluted with chloroform, washed with water and 
then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue 

55 was mixed with hexane / ethyl acetate = 1/1 liquid mixture and filtered through a silica gel column. Distilling the solvent 
of the filtrate off under reduced pressure, the residue was dissolved in 80 ml of toluene, and to the solution 56 mg of 
2,2'-azobis(isobutyronitrile) and 2.3 ml of tri-n-butyltin hydride were added at room temperature, followed by heating for 
4 hours at 1 10°C with stirring . Distilling the solvent off under reduced pressure, the residue was purified by silica gel 
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column chromatography (developing solvent: hexane / ethyl acetate = 8/1) to provide 1 .82 g of the title compound as an 
oily substance. 

Step 3. Synthesis of (2R.5R)-2-rt-butvn>5-(3-oxocvclobiitvl)-5-phenyl-1.3-dioxolan-4-one 

[0236] To a solution of 1.82 g of the (2R,5R)-2-(t-butyO-5-(3-benzyloxycyclobutyl)-5-phenyl-1,3-dioxolan-4-one as 
obtained in above step 2 in 40 ml of ethanol, 430 mg of palladium hydroxide-carbon was added, followed by stirring for 
6 hours at ordinary temperature under hydrogen atmosphere. The reaction mixture was filtered through Celite. Distilling 
the solvent off under reduced pressure, the residue was dissolved in 5 ml of dichloromethane, and the resulting solution 
was added dropwise at -78°C to a reaction mixture formed by adding 0.63 ml of oxalyl chloride to 1 . 1 ml of dimethylsul- 
foxide in 50 ml of dichloromethane at -78°C and stirring for 5 minutes. After stirring for 15 minutes at the same temper- 
ature, 0.5 ml of triethylamine was added to the reaction mixture and stirred for 30 minutes while raising the temperature 
to room temperature. The reac-tion liquid was diluted with chloroform, washed with water and then brine, and dried over 
anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by silica gel 
column chromatography (developing solvent: hexane / ethyl acetate = 8/1) to provide 1 .36 g of the title compound as an 
oily substance. 

Step 4. Synthesis of (2R)-(3.3-difluorocyclobutvlV2-hvdroxv-2-phenylacetic acid 

[0237] The title compound was prepared by a method similar to Referential Example 3, using the (2R 5R)-2-(t-butyl)- 
5-(3-oxocyclobutyl)-5-phenyl-1,3-dioxolan-4-one as obtained in above step 3. 

Referential Example 13 

(2R)-(4,4-difluorocyclohexyl)-2-hYdroxY-2-phenyl-acetiq acid 

Step 1. Synthesis of (2R.5R)-2-(t-buWIV5-n.4<lioxasDiror4.5lKj ec-8-vn-5-phenvl-1.3<lioxolan-4-one 

[0238] The title compound was prepared by a method similar to the steps 1 and 2 of Referential Example 12, using 
1 ,4-dioxa-8-oxospiro[4.5]decane. 

Step 2. Synthesis of (2R.5R)-2-(t-butyl)-5-(4-oxocvclo-hexvl)-5-Dhenvl-1 .3-dioxolan-4-one 

[0239] To a solution of 83 mg of the (2R,5R)-2-(t-butyl)-5-(1 ,4-dioxaspiro[4.5]dec-8-yl)-5-phenyl-1 ,3-dioxolan-4-one in 
a mixture of 4 ml of acetone and 0.4 ml of water, 52 mg of p-toluenesuifonic acid was added at room temperature, fol- 
lowed by stirring for 13 hours at 50°C. Distilling the acetone off under reduced pressure, the residue was diluted with 
ethyl acetate, washed with saturated aqueous sodium bicarbonate solution and then brine, and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, 70 mg of the title compound was obtained as an 
oil. 

Step 3. Synthesis of (2R)-(4.4-difluorocYClohexvl)-2-hvdroxyphenylacetic acid 

[0240] The title compound was prepared by a method similar to Referential Example 3, using the (2R,5R)-2-(t-butyl)- 
5-(4-oxocyclohexyl)-5-phenyl-1,3-dioxolan-4-one as obtained in above step 2. 

Referential Example 14 

(2R)-r(IR)-3.3-difluorocvcl0Dentvn-2-hvdroxy-2-phenylacetic acid 
Step 1. Synthesis of (2R,5R)-2-(t-butvl)-5-f(IR)-3^ 

[0241] To a solution of 46 mg of (2R,5R)-2-(t-butyl) - 5-[(1R)-3-oxocyclopentyl]-5-phenyl-1,3-dioxolan-4-one in 1.5 ml 
of pyridine, 85 mg of hydroxylamine hydrochloride was added and the mixture was stirred for I hour at room tempera- 
ture. The reaction mixture was diluted with ethyl acetate and washed with water and brine, and then dried over anhy- 
drous sodium sulfate. The solvent was removed under reduced pressure to give 55 mg of the title compound. 
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Step 2. Synthesis of (2R t 5R)-2-(t-butYi)-5-f(IR)-3 l 3-difluorocYClopentYfl-5>phenyl-1 ,3-dioxolan-4-one 

[0242] To a mixture of 20 mg of nitrosonium tetra-f luoro borate and 0.5 ml of 70% hydrogen fluoride-pyri-dine, a solu- 
tion of 34 mg of (2R,5R)-2-(t-butyl)-5-[(1 R)-3-hydroxyiminocyclopenty(]-5-phenyl-1 ,3-dioxolan-4-one in 0.5 ml of dichlo- 
romethane was added under ice-cooling. The mixture was stirred for 10 minutes at 0°C and 5 hours at room 
temperature. Water was added to the reaction mixture under ice-cooling and the mixture was extracted with ethyl ace- 
tate. The organic layer was washed with saturated aqueous sodium bicarbonate solution and then brine, and dried over 
anhydrous magnesium sulfate. The solvent was removed under reduced pressure to give 35 mg of the title compound. 

Step 3. (2R)-[(IR)-3.3-djfluorocyclopentyl]-2-hydroxy-2-phenylacetic acid 

[0243] The title compound was prepared by a method similar to the step 2 of Referential Example 1 , using (2R.5R)- 
2-(t-butyl)-5-[(1 R)-3,3-dif luorocyclopentyl)-5-phenyl-1 ,3-dioxolan-4-one. 

Industrially utilizabilrty 

[0244] The fluorine-containing 1 ,4-disubstituted piperidine derivatives of the present invention have selective antag- 
onistic activity for muscarinic M 3 receptors, and exhibit excel lent oral activity, duration of action and pharmacokinetics, 
so that they have little side effects and are safe and effective. Hence, they are very useful in the treatment or prophylaxis 
of diseases such respiratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma and rhin- 
itis: digestive diseases such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain accompanying con- 
traction of smooth muscles of the digestive system: urinary disorders like urinary incontinence and frequency in 
neurogenic pollakiuria, neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis: and 
motion sickness. 



1 . Novel fluorine-containing 1 ,4-disubstrtuted piperidine derivatives represented by the general formula [I] 



and pharmaceutical^ acceptable salts thereof, 
[wherein: 

Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group consisting 
of nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be 
substituted with lower alkyl, trif luoromethyl, cyano, hydroxy!, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, 
amino or lower alkyl -amino); 

R 1 represents C 3 -C 6 cycloalkyl whose any 1-4 hydrogen atoms may be substituted with fluorine atom(s); 
R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen 
atoms may be substituted with fluorine atom(s), aralkyt, arylalkenyl, heteroarylalkyi or heteroarylalkenyl group 
having 1 to 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 
3 hydrogen atoms on the ring in said aralkyl, arylalkenyl, heteroarylalkyi or heteroarylalkenyl group may be 
substituted with lower alkyl, trif luoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, 
amino or lower alkylamino); and 
X stands for O or NH, 

provided that at least either one of R 1 and R 2 contains one or more fluorine atoms]. 

2. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which Ar is phenyl group which 
may be substituted with 1 to 3 substituents selected from the group consisting of lower alkyl, trif luoromethyl, cyano. 
hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino and lower alkylamino. 

3. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which R 1 is C 3 -C 6 cycloalkyl in 



Claims 




Ar o 



[I] 
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which any 1 to 4 hydrogen atoms are substituted with fluorine atom(s). 

4. The compounds or their pharmaceutical^ acceptable salts according to Claim 1, in which R 1 is cyclobutyl, 
cyclopentyl, cyclohexyl, 2-fluorocyclobutyl, 3-fluorocyclobutyl, 2,2-difluorocyclobutyl. 3,3-difluorocyclobutyf, 2-fluor- 
ocyclopentyl, 3-fluorocyclopentyl, 2,2-difluorocyclopentyl, 3,3-difluorocyclopentyl, 2,2,3,3-tetrafluorocyclopentyl, 
3,3,4,4-tetrafluoro-cyclopentyl, 2-fluorocyclohexyl, 3-fluorocyclohexyl, 4-fluorocyclohexyl, 2, 2-dif luorocyclohexyl, 
3,3-dif luorocyclohexyl or 4,4<Jrf luorocyclohexyl. 

5. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which R 1 is 2-fluorocyclobutyl, 
3-fluorocyclobutyl, 2,2-difluorocyclo-butyl, 3,3-difluorocyclobutyl, 2-fluorocyclopentyl, 3-fluorocyclopentyl, 2,2-dif- 
luorocyclopentyl, 3,3-difluorocyclopentyl , 2,2,3,3-tetrafluorocyclopentyl, 3,3,4,4-tetrafluorocycloperrtyl, 2-fluorocy- 
clohexyl, 3-f!uorocyclohexyl, 4-fluorocyclohexyl, 2,2-d'rfluorocyclo-hexyl, 3,3-dif luorocyclohexyl or 4,4- 
difluorocyclohexyl. 

6. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which X is NH. 

7. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which R 2 is a group whose any 
1 to 6 hydrogen atoms may be substituted with fluorine atom(s) and is represented by the formula below: 



Q represents methylene, ethylene, trimethylene or tetramethylene; 

R a and R c each represents a hydrogen atom or are combined to form a single bond; and 

R b , R d and R e may be the same or different and each represents a hydrogen atom, a lower alkyl group, C 3 -C 8 

cycloalkyl or cycloalkenyl, or R b and F^, or R d and R e together form each a C 3 -C 8 cycloalkyl or cycloalkenyl], 

8. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which R 2 is Cs-Cjs straight 
chain or branched alkyl, alkenyl, alkynyl, cycloalkylalkyl or cycloalkyla'teny' in which any hydrogen atom(s) on the 
cycloalkyl ring may be substituted with lower alkyl ; cycloalkenylalkyl or cycioalkenyl-alkenyl in which any hydrogen 
atom(s) on the cycloalke-nyl ring may be substituted with lower alkyl ; cydo-alkylalkynyl or cycloalkenylalkynyl ; or 
those in which any 1 to 6 hydrogen atoms are substituted with fluorine atom(s). 

9. The compounds or their pharmaceutical^ acceptable salts according to Claim 1 , in which R 2 is benzyl, phenethyl, 
phenylpropyl, phenylpropenyl, 2-pyridyl methyl, 2-pyridylethyl, 2-pyridylpropyl, 3-pyridyl-methyi, 4-pyridylmethyi, 2- 
thiazolylmethyl, 2-thienyl-methyl, 3-thienylmethyl, 1-imidazolyl methyl, 2-imidazolylmethyl, 4-imidazolylmethyl, 3- 
pyrazolylmethyl, 4-pyrazolylmethyl, 2-furylmethyl, 3-furylmethyl, 2-pyrrolylmethyl, 3-pyrrolyl methyl, 2-pyrimidinyl- 
methyl 4-pyrimidinylmethyl, 5-pyrimidinylmethyi, pyrazinylmethyl, 3-pyridazinylmethyl, 4-pyridazinylmethyl, 2-quini- 
dyl-methyl, 2-benzothienylmethyl or 2-indolylmethyi (any 1 to 3 hydrogen atoms on the ring of said benzyl, 
phenethyl, phenylpropyl, phenylpropenyl or heteroarylalkyl group may be substituted with lower alkyl, trifluoro- 
methyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino). 

10. The compounds or their pharmaceutical ly acceptable salts according to Claim 1, in which R 1 is 3,3-di-fluorocy- 
clopentyl and R 2 is 2-thienyl methyl, 3-thienyl-methyl. 2-furylmethyl, 3-furylmethyl, 2-pyridylmethyl or benzyl (any 1- 
3 hydrogen atoms on the ring in the thienylmethyl, furylmethyl, pyridylmethyl or benzyl group may be substituted 
with lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino). 

11. The compounds or their pharmaceutical^ acceptable salts according to Claim 1, in which the compound repre- 
sented by the general formula [I] is: 



R a R c 




[II] 



[in which 
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(2R)-N-[1-(4-methy1-3-pentenyl)pip^^ 

(2R)-N-[1 -(4-methy1-3-pentenyl) piperkJin-4-yl]-2-[(1 S)-3,3-drf luorcx;ycloperrtyl]-2-hydroxy-2-phenylac6tamide 
(2R)-N-[1-(4Hiiethy1-3-penteny0piperidin-4^ 

(2R)-N-[1-(4-methyl-3-pentenyl)piperidin-4-yi]-2-[(1S J 3R)-3-fluorocy amide 

(2R)-N-[1-(4-methy1-3-penteny!)p^ 

(2R)-N-[1-(4-methyl-3-penteny0piperidin^ 

N-[1-[(3Z)-4-trifluoromethyl-3-penteny0piper^^ 

N-[1-[(3Z)-4-fluoromethyl-3-pentenyl]p^ 

N-[1-[(3E)-4-fluoromethyI-3-penteny0piper^^^ 

(2R)-N-(1-c*cloheptylmethylpiperid^ 

(2R)-N-[1-[(3E)-4-fluoromethyl-3-penteny0piper^^ 

lacetamide 

(2R)-N-[1-(6-methylpyridin-2-ytmethy^ 
acetamide 

(2 R)-N-[1 -(3-thienylmethyl)piper^^ 

(2R)-N-[1-(3-furylmethyi)piperidin-4-y^ 

(2R)-N-[1-(2-furylmethyl)piperidin-4-y^ 

(2R)-N-[1-(2-pyridylmethyl)piperidin-4-yl]-2-[(1 R)-3,3-dlfluorocyclopentyl]-2-hydroxy-2-pheny!acetamide 

(2R)-N-[1 -(3-methoxybenzyl)piper^ 

(2R)-N-(1-benzylpiperidin-4-yl)-2-[(1R)-3,3-difl^^ 

(2R)-N-[1-(3-fluorobenzyl)piperidin-4-yl]^^ 

(2R)-N-[1-(3-chlorobenzyl)piperidin-4-^ 

(2R)-N-[1 -(2-thienylmethyl)piperidin-4-yl]-2-[(1 R)-3. 3-dif luorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(6-aminopyridin-2-ylmethyl)piperidin-4-yI]-2-[(1R)-3 > 3-dHluorocydcpentyl]-2-hydroxy-2-phenyl- 
acetamide 

(2R)-N-[1-(6-amino-4-methoxypyridin-2-ylmethyl)-piperidin-4-yO-2-[(1R)-3, 3-difluorocydopentyl]-2-hydroxy-2 
phenyacetamide 

(2R)-N-[1-(3-amino-5-methy1benzy1)piper^ 
amide 

(2R)-N-[1-(3-aminobenzyl)piperidin-4-yl]-2-^ 

(2R)-N-[1 -(2-aminobenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-d'rf luorocyclopenty0*2-hydroxy-2-phenylacetamide 
N-[1-(4-amirobenzyl)piperidin-4-yq-2^ 

(2R)-N-[1-(4-amino-3-methoxybenzyl) piperidin-4-yi]-2-[(1 R)-3, 3-dif lurocydopentyl]-2-hydroxy-2-phenylacet 
amide 

(2R)-N-[J-(3. 5<liaminobenzyl)piperidin-4-yl]-2-[(1R) -3, 3-difluorocydopentyI]-2-hydroxy-2-phenylacet-amide 
(2R)-N-[1-(5-methylfuran-2-ylmethyl)piperidin-4-yi]-2-[ (1R) -3, 3-difluorocydopentyl]-2-hydroxy-2-phenylacet 
amide 

(2R)-N-(1 -(3-methylbenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(4-methoxybenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(3-amino-5-methoxybenzyl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocydopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(4-amino-3-fluorobenzyl)piperidin-4-yl]-2-[(1R) -3, 3-drfluorocydopentyl]-2-hydroxy-2-phenylacet- 
amide, 

(2R)-N-[1-(6-amino-4-methylpyridin-2-yl)piperidin-4-yO-2-[(1R)-3, 3-difluorocydopentyl]-2-hydroxy-2 -phenyl- 
acetamide, 

(2R)-N-[1-(3-amino-4*fluorobenzyl)piperidin-4-yl]-2-[(1R) -3, 3-difluorocydopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(5-amino-2-fluorobenzyl)piperidin-4-yl]-2-[(1R)-3, 3-difiuorocydopentyi]-2-hydroxy-2-phenylacet 
amide 

(2R)-N-[1-(2-amino-4-chloropyridin-6-^^ 
phenylacetamide 

(2R)-N-[1 -(3-amino-5-chlorobenzyl)piperidin-4-yl]-2-[(1 R) -3, 3-dif luorocydopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(4-amino-3,5-difluorobenzyl)piperidin-4-yl]-2-[(1R)-3 f 3-difluorocydopentyl]-2-hydroxy-2-phenyla 
cetamide 

(2R)-N-[1-(benzimidazol-5-ylmethyl)piperidin-4-yl]-2-[(1R)-3 I 3-d*rfluorocyclopentyl]-2-hydroxy-2-phenyl-aceta- 
mide 

(2R)-N-[1-(6-aminopyridin-2-ylmethyl)p^^ 
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(2R)-N-[1-(6-aminopyridin-2-ylmethy1)piperM^ 
amide, or 

(2R)-N-[1-(6-aminopyr'din-2-ylmethyi)piperidin-4-yl]-2-[(1R)-3 l 3-drfluorocycloperrtylJ-2-(4-fluorophenyl)-2- 
hydroxyacetamide. 

12. The compounds or their pharmaceutical^ acceptable salts according to Claim 1, in which the compounds repre- 
sented by the general formula [I] is: 

(2R)-N-[1-(6-methylpyridin-2-yl-me^ 
acetamtde 

(2R)-N-[1-(3-thienylmethyl)piperidin-4-yl]-2-[(1 R)-3,3-difluorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(3-furylmethyl)piperidin-4-yl]-2-[(1 R)-3. 3-drfluorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(2-furylmethyl)piperidin-4-yl]-2-[(1 R)-3, 3-drf !uorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(2-pyridylmethyl)piperidin-4-yl]-2-[(1 R)-3, 3-drf luorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(3-methoxybenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-drf luorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-(1-benzylpiperidin-4-yl)-2-[(tR)-3,3-dffl^ 

(2R)-N-[1 -(3-f luorobenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocycloperrtyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(3-(^lorobenzyl)piperidin-4-yl]-2-[(1R)-3,3KJrfluorocyclopentyl]-2-hydroxy-2-p 
(2R)-N-[1-(2-thienylmethyl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(6-aminopyridin-2-ylmethyl)piperidin-4-yl]-2-[(1R)-3, 3-drfluorocydopentyl]-2-hydroxy-2-phenyl- 
acetamide 

(2R)-N-[1-(6-amino-4-methoxypyridin-2-ylmethyl)-piperidin-4-yl]-2-[(1 R)-3,3<Jifluorocyclopentyl]-2-hydroxy-2- 
phenylacetamide 

(2R)-N-[1-(3-amino-5-methylbenzyl)piperidin-4-yl]-2-[(1 R) -3, 3-drfluorocyclopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1 -(3-aminobenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocyclopentyq-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(2-aminobenzyl)piperidin-4-yi]-2-[(1 R)-3, 3-dif luorocyclopentyl]-2-hydroxy-2-pheny!acetamide 
N-[1-(4-aminobenzyl)piperidin-4-yl]-2-[(1 R)-3,3-difluorocyclopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(4-amino-3-methoxybenzyl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocyciopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(3, 5-diaminobenzyl)piperidin-4-yl]-2-[ (1R) -3, 3-dif luorocyclopentyl]-2-hydroxy-2-phenylacet-amide 
(2R)-N-[1-(5-methylfuran-2-ylmethyl)piperidin-4-yQ-2-[(1R)-3, 3-difluorocycloperrtyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(3-me%lberizyl)piperidin-4-yQ-2^ 

(2R)-N-[1 -(4-methoxybenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-drf luorocydopentyfl-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(3-amino-5-methoxybenzyl) piperidin-4-yl]-2-[ (1R) -3, 3-dif luorocyclopentyQ-2-hydroxy-2-pheny- 
lacet-amide 

(2R)-N-[1-(4-amino-3-fluorobenzyl)piperidin-4-yl]-2-[(1R)-3, 3-d'rfluorocycloperrtyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(6-amino-4-methylpyridin-2-yl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-phenyl- 
acetamkJe 

(2R)-N-[1-(3-amino-4-fluorobenzyl)piperidin-4-yll-2-[(1R) -3, 3-difluorocycloperrtyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1 -(5-amino-2-f luorobenzyl)piperidin-4-ylJ-2-[(1 R) -3, 3-dif luorocyclopentyll-2-hydroxy-2-phenyiacet- 
amide 

(2R)-N-[1-(2-amino-4-chloropyridin-6-ylmet^ 
phenylacetamide 

(2R)-N-[1-(3-amino-5-chlorobenzyl)piperidin-4-yl]-2-[ (1 R) -3, 3-dif luorocyclopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1-(4-amino-3,5-drfluorobenzyl)piperidin-4-yl]-2-[(1R)-3 l 3-drfluorocyclopentyl]-2-hydroxy-2-phenyla- 
cetamide 

(2R)-N-[1-(benzimidazol-5-ylmethyl)pipe^ aceta- 
mide 

(2R)-N-[1-(6-aminopyridin-2-ylmethyl)piperidin-4-yl]-2-[3,3-drtluorocyclobutyl]-2-hydroxy-2-phenylace 

(2R)-N-[1-(6-aminopyrdin-2-ylmethyl)pipe^ 

amide, or 

(2R)-N-[1-(6-aminopyrkJin-2-ylmethyl)piperidm^ 
hydroxyacetamide. 
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1 3. (2R)-N-[1 -(6-aminopyridin-2-ylmethyl)piperidin-4-yl]-2-[(1 R)-3,3-difluorocyclopentyl]-2-hydraxy'2-phenylaceta- 
mide or a pharmaceutical acceptable saK thereof. 

14. A pharmaceutical composition composed of a compound of the general formula [I] as presented in Claim 1 or a 
pharmaceutical^ acceptable salt thereof and at least one pharmaceutically acceptable adjuvant. 

1 5. A pharmaceutical composition as defined in Claim 13 which is used for treatment or prophylaxis of diseases asso- 
ciated with muscarinic M 3 receptors, eg., such respiratory diseases as chronic obstructive pulmonary diseases, 
chronic bronchitis, asthma, chronic respiratory obstruction, fibroid lung and rhinitis: digestive diseases such as irri- 
table bowel syndrome, spasm or hyperanakinesia of digestive tract, diverticulitis and pain accompanying contrac- 
tion of smooth muscles of the digestive system: urinary disorders like dysuria such as pollakiuria, urinary urgency 
and urinary incontinence: and motion sickness. 

16. A method for treatment or prophylaxis of diseases associated with muscarinic M 3 receptors, eg., such respiratory 
diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma, chronic respiratory obstruction, 
fibroid lung and rhinitis: digestive diseases such as irritable bowel syndrome, spasm or hyperanakinesia of diges- 
tive tract, diverticulits and pain accompanying contraction of smooth muscles of the digestive system: urinary dis- 
orders like dysuria such as pollakiuria, urinary urgency and urinary incontnence: and motion sickness 
characterized in that a compound of the general formula [I] as presented in Claim 1 or a pharmaceutically accept- 
able salts thereof is used. 

17. A process for preparation of a fluorine-containing 1, 4-disubstituted piperdine derivative of the general formula [I] 
as presented in Claim 1 which comprises 

(a) reacting a carboxylic acid of the general formula [III] 



[wherein Ar has the same signification as defined in Claim 1, and R 10 represents a C 3 -C 6 cycloalkyl in 
which any 1 to 4 hydrogen atoms may be substituted with fluorine atom(s) or a C 3 -C 6 cycloalkyl having 1 
to 2 protected or unprotected hydroxyl or oxo group(s)] 

or a reactive derivative thereof with a compound of the general formula [IV] 



[wherein R 20 represents a C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon group in which any 1 to 
6 hydrogen atoms may be substituted with fluorine atom(s), C 5 -C 15 saturated or unsaturated aliphatic 
hydrocarbon having 1-2 protected or unprotected hydroxyl or oxo group(s), aralkyl, arylalkenyl, heteroaryl- 
alkyl or heteroarylalkenyl group having 1 to 2 hetero atoms selected from a group consisting of nitrogen, 
oxygen and sulfur (optionally any 1 to 3 hydrogen atoms on the ring in said aralkyl, arylalkenyl, heteroary- 
laikyl or heteroarylalkenyl group may be substituted with lower alky!, trifluoromethyl, cyano, hydroxyl, nitro, 
lower alkoxycarbonyl, halogen, lower alkoxy, unprotected or protected amino, unprotected or protected 
lower alkylamino or aralkyloxycarbonyl group) and X stands for NH or O] or a salt thereof; 



Ar 



HQ 



COOH 



[Ml] 
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and when either R 1 ° or R 20 has unprotected or protected 1 to 2 hydroxyl or oxo group(s). converting said 
hydroxyl or oxo group(s) to fluorine atom(s) either as they are or after removing the protective group(s); when 
R 10 or R 20 has protected amino or protected lower alkytamino group(s), removing the protective group(s); and 
when R 10 or R 20 has lower alkoxycarbonyl or aralkyloxycarbonyl, converting the same to amino; or 
(b) reacting a carboxylic acid of the above general formula [III] or a reactive derivative thereof with a compound 
of the general formula [V] 




[wherein E is a protective group for an imino group, and X is as defined above] 
or a salt thereof; deprotecting the resulting compound of the general formula [VI] 




[wherein Ar has the signification as defined in Claim 1 and R 10 , X and E are as defined above] 

thereafter reacting the same with a compound of the general formula [VII] 

R 20 -L [VII] 

[wherein L represents a leaving group, and R 20 is as defined above] 

if necessary in the presence of a base, and again if necessary conducting a conversion reaction of R 10 and 
R 20 similar to the above; or 

(c) deprotecting a compound of the above general formula [VI] and subjecting it to a reductive alkylation reac- 
tion with a compound of the general formula [VIII] 

R 21 -CHO [VIII] 

[wherein R 21 represents a C 4 -C 14 saturated or unsaturated aliphatic hydrocarbon in which any 1 to 6 
hydrogen atom(s) may be substituted with fluorine atom(s), C 4 -C 14 saturated or unsaturated aliphatic 
hydrocarbon having unprotected or protected 1 to 2 hydroxyl or oxo group(s), aryl, aralkyl, arylalkenyl or 
heteroaryl, heteroarylalkyl or heteroaryl-alkenyl having 1 to 2 hetero atoms selected from a group consist- 
ing of nitrogen, oxygen and sulfur (optionally any 1 -3 hydrogen atoms on the ring in said aryl, aralkyl, aryl- 
alkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl group may be substituted with lower alkyl, trifluor- 
omethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halo-gen, lower alkoxy, unprotected or protected 
amino, unprotected or protected lower alkyl-amino or aralkyloxycarbonyl), 

and if necessary conducting the conversion reaction of R 10 and R 21 similar to the above. 

18. (2R)-2-[(1 R)-3,3-difluorocyclopentyl]-2-hydroxy-2-phenylacetic acid. 

19. 6-tert-butyloxycarbonylaminopyridine-2-methanol, 6-tert-butyloxycarbonylaminopyridin-2-yl-methyl methanesul- 
fonate, 6-tert-butyloxycarbonylaminopyridin-2-ylmethyl chloride or 6-tert-butyloxycarbonylamino-pyridin-2-yl methyl 
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